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Recent studies have demonstrated a clear gap between the skills that high school 

graduates obtain by the completion of high school and those that are necessary for success 

in college as well as the workforce. Demands for more rigorous preparation at the high 

school level have prompted some states to make changes to state standards and high school 

graduation requirements. This dissertation used a prediction study to examine the course-

taking patterns of high school students in science and their subsequent success in chemistry 

1A at the college level. Analysis of obtained data using a two-way ANOVA was used to 

estimate the main effects of (a) number of semesters of science courses and (b) the type of 

science courses and (c) the interaction effect on college performance as indicated by the 

final course grade.  

The results of this study indicate that the main effect of type and the main effect of 

number of semesters are both significant statistically. Taking more semesters of science in 

high school is positively associated with the final grade in first-year college chemistry. 

Taking higher level science coursework in high school is also positively associated with 
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final grade. The interaction of type by number of semesters is not significant, however. 

Taking more semesters of higher level science coursework does not increase the likelihood 

of doing well in college chemistry, as there is no observable significant influence on final 

grade in chemistry, beyond the main effects described previously. 
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CHAPTER I 

INTRODUCTION 

 

The need to address high school graduates’ preparation for the rigor and 

expectations of higher education is clear. Multiple studies have demonstrated the gap that 

exists between skills students have when graduating from high school and the skills that 

are needed to be successful in college (ACT, 2007; Adelman, 2006; Allen & Sconing, 

2005; and Conley, 2003). This study examines the relation between science coursework 

taken in high school and their success in first-year college science courses, a relationship 

that merits close examination.  

High school students entering the workforce in the 21st century are encountering 

new challenges. According to the 2005 report by the Commission of the States, students 

now need at least two years of postsecondary education to be successful in a working 

environment requiring advanced skills. At the same time that they are looking for a more 

skilled and educated workforce, employers are reporting that high school and college 

graduates are not proficient in the skills they consider to be basic applied skills (Cassner-

Lotto & Wright, 2006). These same employers are expecting high schools and colleges to 

prepare students to enter that workforce. Cassner-Lotto and Wright (2006) report that 

employers find that 25% of workforce entrants with a four-year degree, and 46% percent 

of those with a two-year degree are considered to be deficient in writing in English, with 

similar percentages existing in written communications. The percentage of high school 

graduates considered by employers to be deficient in these same skills is reported to be 

much higher, 72% and 81%, respectively. In addition, employers reported that high 
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school graduates are also deficient in mathematics (53%) and reading comprehension 

(38%). At the same time that employers are reporting deficiency in these essential skills, 

Planty & Provasnik (2007) find that more students are taking advanced coursework in 

high school than ever before. This apparent contradiction in student coursework and 

preparedness for the workforce bears more consideration and further study.  

In addition to examination of the link between high school performance and 

preparation for the workforce, there is also increased research in the area of student 

preparedness for college success. Researchers have provided evidence that a more 

rigorous curriculum in high school is associated positively with college persistence 

(Achieve Inc., 2007; Adelman, 1999; Allen & Sconing, 2005; Horn, Kojasku, & Carroll, 

2001; Seastrom, Hoffman & Chapman, 2007). At a time when there is increased demand 

for college graduates in the science, technology, engineering and mathematics (STEM) 

fields, the preparation that students receive to be successful in science and mathematics 

majors also has been under closer scrutiny (ACT, 2006a).   

Research at the postsecondary level regarding student success in STEM majors 

has not been studied extensively, and published research is contradictory. The Higher 

Education Research Institute (2010) reported that, although significant variation has 

occurred over the years, the proportions of students interested in pursuing a major in a 

STEM career was approximately the same in 2008 as it had been in 1971, approximately 

31%. While the Higher Education Research Institute study and others have examined the 

interest in STEM majors by race, ethnicity, and socio-economic status, limited research 

has been conducted on the persistence of these STEM majors to the attainment of a 

bachelor's degree in the field. The Higher Education Research Institute (2010) reported 
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only two studies that examined this topic, one of which found that only 38% of students 

who entered STEM major pathways had obtained a bachelor’s degree in those same 

pathways within six years. At the high school level, there are also alarming patterns 

emerging. A 2006 report by the ACT reports that the number of students declaring 

interest in pursuing careers in the STEM fields has dropped from 7.6% to 4.9% in the last 

ten years. 

While further research is necessary to understand the causes for the low number 

of students earning bachelor’s degrees in the STEM pathways, research to examine the 

preparation that students receive before entering college is also needed. College readiness 

has become a phrase to describe the skills that students need to have in order to be 

prepared for the rigors of college coursework.    

College Readiness 

Examining the factors that help to determine a high school graduate’s 

preparedness for college can be difficult. A working definition of college readiness must 

first be established in order to develop valid measures for what a student must be able to 

do in order to be prepared. Conley (2007) defines college readiness as “the level of 

preparation a student needs in order to enroll and succeed—without remediation—in a 

credit-bearing general education course at a postsecondary institution that offers a 

baccalaureate degree or transfer to a baccalaureate program” (p. 5).  Noble & Schnelker 

(2007) determine college readiness by the ACT benchmarks in the subject areas of 

English, Science and Mathematics. These cut-off scores being those that they determine 

mean that students are ready for college-level work. Baker, Clay, & Gratama (2005) 

further define college readiness as being the combination of college awareness, college 



4 

eligibility and college preparation. Although not identical, these definitions examine the 

skills that are needed for students to apply to, enroll, and persist in a postsecondary 

institution.  

Previous studies linking college readiness to science coursework have been 

indirect. Allen & Sconing (2005) report that students receiving a score of 24 or above on 

the ACT Science test have a .50 probability of earning a B or higher in a typical college 

Biology course. ACT (2006b) reports that students who take a science sequence course 

including physics are more likely to reach College Readiness Benchmark on the ACT 

Science test than those students who take Biology or Chemistry only. Unfortunately, 

neither of these studies discuss course sequencing in great detail, and when referring to 

recommended numbers of science courses, ACT (2006b) only reports that 56% of ACT-

test students took the recommended core curriculum that includes three years of science. 

These studies and others indicate a link between science coursework taken in high school 

and college readiness, but more investigation could further clarify whether that link is 

tied to (a) the type of coursework students take in high school, or (b) the numbers of 

science courses that are taken.  

It is also unclear if graduation requirements for science positively correlate with 

higher achievement in science. Teitelbaum (2003) conducted a study that directly 

examined the influence of high school graduation requirements in math and science on 

course-taking patterns and achievement in that subject matter. He found that while 

students did in fact increase the science credits earned when three courses were required 

in high school, this difference amounted to only a 9% increase in subsequent science 

credits earned over those with a two-year science requirement. In addition, Teitelbaum 
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noted that, although students who take more and higher level math and science courses 

do achieve higher gains, achievement as indicated by national test scores was not 

associated with graduation requirement policies. Teitelbaum noted the paradox in these 

results, and was unable to develop an answer to his satisfaction, reinforcing my belief that 

this topic warrants more study.   

Graduation Requirements 

In 2006, the graduation requirements specific to mathematics and science for high 

schools were collected and published for all 50 states (Zinth & Dounay, 2006). At that 

time, Alabama was the only state to require four years of science, although Mississippi 

was intending to increase to four credits beginning with the class of 2012. Illinois was the 

only state to require just one credit in science, but has increased that requirement to two 

credits starting with the class of 2011 (Zinth & Dounay, 2006). Of the 23 states that 

required at least three credits of science, 14 of them have been implementing this only 

recently with the graduating classes of 2006 to 2011 (Zinth & Dounay 2006).  Oregon 

will join these states beginning with the class of 2012 (Evans, 2007).  

While some states only set minimum science course credit, others also specify the 

types of science courses that must be taken to satisfy credit earned. Nine states specify 

that students must have at least one course in a life science and one in physical sciences, 

while nine other states require only that at least one course be a ‘laboratory science’. 

Fifteen states with minimum science requirements do not specify the type of science 

course taken. Oregon requirements for the class of 2012 specify that at least two science 

courses be laboratory experiences, and all must be “inquiry-based” (SBE 2007). Also, ten 

other states mention the necessity for at least one science course to be “laboratory-based” 
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(Zinth & Dounay, 2006). There are even differences in how states define science courses. 

Many states define science coursework as courses that study the life sciences, physical 

sciences, earth and space sciences, chemistry, and are inquiry- or laboratory-based (Zinth 

& Dounay, 2006).  

In January of 2007, the Oregon State Board of Education voted to increase 

Oregon’s graduation requirements. Beginning with the class of 2012, students will be 

required to earn a total of 24 credits to graduate, increasing the number of science classes 

from two to three classes, the number of Arts, or Second Languages, or Professional 

Technical Education from one to three credits, while reducing the number of electives 

from nine to six credits. The new reforms come in addition to House Bill 3129 (2005), 

which added a one credit requirement in science and one credit in math, and increased the 

overall credit requirement from 22 to 24. The Oregon Department of Education (ODE) 

claims that the new high school requirements will better prepare today’s young people for 

postsecondary education and for the workforce by acting as a ‘passport to college and 

workforce readiness.’ It is the goal of the State board of Education, with the support of 

Oregon employers and universities, to improve the skills of all high school graduates in 

order to prepare them for today’s high skill jobs and the rigorous coursework in college 

(SBE, 2007). In preparation for the credit requirement change, the Oregon State 

Department of Education broadened the definition of science courses to include applied 

and integrated science courses, such as Agriculture Science and Computer Science, but 

will require that at least two credits be earned in laboratory based courses (SBE, 2007). It 

remains to be determined whether or not computer science courses will be considered 

laboratory-based.  
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For Oregon, an increase in the science credit requirements corresponds to an 

increase in graduation requirements, which may affect graduation rates. A fear that high 

school students would drop out rather than meet new and more challenging requirements 

has led to some resistance to high graduation requirements (SBE 2007). Teitelbaum 

(2003), however, cites several researchers who have found that persistence in high school 

actually increased throughout the late 1980’s and 1990’s, a time when most graduation 

reforms and increases in requirements were occurring.  These findings are consistent with 

those reported by the Oregon State Board of Education (2007). Seastrom et al. (2007) 

found that in 2003 and 2004, the United States graduation rates were approximately 

73.9% and 75.0%, respectively. Oregon graduation rates are consistent with these 

findings, reporting average graduation rates of 73.7% and 74.2% in the same time period. 

Oregon ranked 34th in 2003 among the 51 states and the District of Colombia, and 29th 

of 50 in 2004.  

Review of Graduation Requirements. Comparing graduation requirements 

among states is complicated. Unit discrepancies as well as content discrepancy exist 

between and within states. While most states report science achievement by credit 

expressed in Carnegie units, others do so by years completed. Idaho, Indiana, and New 

Jersey all have an independent unit policy, and some allow schools to report quarter- and 

half-credit options (Zinth & Dounay 2006).  In addition, credit is assigned by course title, 

with little or no information provided about the content covered or course rigor. 

Preliminary analyses of graduation rates and the possible relationship to 

graduation requirements have proved inconclusive. The five states with the highest 

graduation requirements (24 credits) were Alabama, Florida, South Carolina, Texas, and 
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West Virginia (Planty & Provasnik, 2007). When examining graduation rates, however, 

Texas and West Virginia both had graduation rates of approximately 75%, Florida 

averaged 67%, Alabama 65%, while South Carolina had graduation rates just under 60% 

(Seastrom et al., 2007). Of the fourteen states that had graduation rates above 80% in 

2003, ten required 20 or greater credits to graduate, and three required a minimum of 

three credits in science. Of the ten states and one district that had graduation rates below 

70%, all required a minimum of 20 credits to graduate, and required at least three credits. 

The next year, however, thirty-two states experienced an increase in graduation rates, 

while fifteen states experienced a decline (Seastrom et al., 2007). Only one state 

experienced no change. Due to the complicated nature in reporting graduation rates (i.e. 

student transfers in and out of the nation and between states, and students who complete 

high school early or late) it is difficult to draw reliable conclusions about a possible 

relationship between high school graduation requirements and student persistence.  

While all states have specified graduation requirements, not all states implement 

requirements with fidelity. Schools, therefore, are under pressure to better prepare 

students for post-high school opportunities from such mandates as No Child Left Behind. 

Graduation rates are often used as a measure of school and state effectiveness, and are 

taken into account during AYP calculations (Adelman, 2006). Unfortunately, there is 

evidence that while graduation requirements may include rigorous science coursework, in 

some states students are allowed to graduate (i.e. receive a diploma) without having met 

those requirements. In schools that required three years of science, approximately 20% of 

students were able to graduate without fulfilling these obligations (Teitelbaum, 2003).In 

their 2007 study of high school course-taking patterns, Planty & Provasnik ( 2007)  found 
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that 0.6% of high school graduates had completed no science courses, and 5.6% had 

completed only a low academic level science course. Although the reasons for these 

discrepancies is not explored, it may be explained by students who are eligible for 

alternate or modified diplomas, including students with individualized education plans 

that would modify the graduation requirements. It is also possible that states have a 

system by which parents may petition to have graduation requirements waved for their 

child under certain circumstances.  

A trend toward satisfying requirements with only low level courses, some of 

which may lack rigor or not extend introductory science understandings, has been a 

concern raised in response to credit increase movements since A Nation at Risk was 

published. It is difficult, however, to examine the extent to which this has occurred given 

the availability of course titles only. Teitelbaum (2003) organizes courses into four 

groups: low level (basic biology, earth science or lower); middle-level science 1 (honors 

or general biology); middle-level science 2 (chemistry I or physics I); Advanced science 

(chemistry I and physics I or higher). This is adapted from Burkam  & Lee’s (1997) 

seven pipelines. Planty et al. (2007) considered only the highest level of coursework 

taken; general biology, chemistry I or physics I, chemistry I and physics I; or chemistry 

II, physics II and/ or advanced biology, also adapted from Burkam and Lee’s 

organization system.  Other variables may need to be used in transcript analysis to 

identify the rigor of science courses; math levels, for example to further investigate the 

prevalence of taking sets of only low level science classes in states with three or four 

science credits required for graduation. 
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Increased graduation requirements in math and science have had a positive 

influence on the numbers of science credits earned by students, although there is still no 

clear understanding of the correlation with the type, or levels, of science class students 

take (Teitelbaum, 2003). As mentioned earlier, there appears to be a positive correlation 

between rigor of coursework and college success. This would seem to indicate that more 

rigorous science coursework as part of graduation requirements would be more beneficial 

to the preparation of students for college coursework than just an increase in the number 

of science courses taken; however there is limited research currently available to 

investigate this hypothesis. 

The Case for a More Rigorous Diploma 

Does the change to Oregon’s graduation requirements create a more rigorous 

diploma? The American Diploma Project (ADP), of which Oregon is a member, has 

argued that in order to create a more rigorous diploma, states should require all students 

to take a rigorous core curriculum that defines specific course-taking requirements and 

specifies the core content for those courses (2004). While the ADP has developed and 

promoted the benchmarks for mathematics and English curriculum, it encourages college 

and workplace readiness expectations to be reinforced in all content areas.  In addition, 

the ADP encourages graduation exams to ensure that students meet standards before 

earning a diploma. The recent changes to Oregon’s graduation requirements include an 

assessment of “Essential Skills”, where students will need to demonstrate proficiency in 

essential process skills deemed critical for success before they can be awarded a diploma 

(SBE 2007).  In addition, the increase in math and science credits needed for graduation 

was designed to enhance analytic skills, a skill deemed by several reports to be important 
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in both college and the workplace (ACT 2006b, Cassner-Lotto & Wright-Benner 2006, 

Conley 2007, SBE 2007).  

Will the increase in Oregon’s science credit requirement encourage more students 

to take more academically rigorous science courses? Teitelbaum (2003) findings suggest 

that this would not occur, while Planty & Provasnik’s 2007 study suggest otherwise. In 

their analysis, Planty & Provasnik (2007) found that the percentage of high school 

graduates taking at least one advanced science course (defined as a class more rigorous 

than general biology) has more than doubled in the years from 1982 to 2004. This trend 

in increasing levels of science coursework is confounded by the reports that large 

numbers of high school graduates are enrolling in at least one remedial course in colleges 

and universities (SBE, 2007; Adelman, 2004).  

Given the few studies conducted in this area, and their conflicting findings, it 

appears that there is need for further research into the relationship that high school 

graduation requirements have on college performance. In concluding his research, 

Teitelbaum (2003) expressed a need for more examination of the relationship between 

graduation requirement policies and the likelihood that graduates enroll in a 4-year 

college or university. He noted in his research that “students who failed to meet their 

coursework requirements…were in the vocational or general track-the student population 

that this initiative was designed to help” (45). This appears to validate the concerns of 

opponents of graduation requirement increases that students may not be successful 

(Teitelbaum, 2003; SBE, 2007), and continues to warrant further study.   

Science courses in particular may play a role in preparing students for post-high 

school opportunities. The “Key Cognitive Strategies” promoted by Conley (2010) include 
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such attributes as problem formulation, research, interpretation, communication, and 

precision and accuracy. Problem formulation attributes include the ability for students to 

understand and restate the problem in a given situation, develop logical questions, and to 

develop reasonable hypotheses regarding such questions. The strategy of research 

involves student engagement in developing and implementing procedures to investigate 

the problem, as well as to complete research on related information to aid in developing 

solutions to the problem, revising and repeating experiments to collect such information 

as necessary. Interpretation attributes include developing students’ ability to correctly 

evaluate the results of their research, and to draw appropriate conclusions.  In addition, 

the communication strategy emphasizes student decision-making on the best way to 

present information, including written work, and graphs or tables to display data and 

information. Students’ ability to determine sources of error, and to use appropriate 

terminology specific to the discipline are all part of the fifth cognitive strategy, precision 

and accuracy, which students ought to apply throughout the process of investigation. All 

of these cognitive strategies are commonly associated with science, and may be skills 

developed particularly within science coursework. 

The purpose of this study was to examine the relationship, if any, that exists 

between the type of science coursework students take in high school and their 

performance in college science courses. Is college performance in science courses 

associated with the number and type of science courses that students take in high school? 

The results of this study add to the literature base that examines the factors that will best 

prepare students to be successful in the transition from high school to college. As states 

look to strengthen graduation requirements and provide college- and work-ready high 
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school graduates, this study helps to highlight course-taking patterns that may lead to a 

higher likelihood of success in college chemistry.  
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CHAPTER II 

 METHODS 

 

This study examined the relation that exists between student course-taking 

patterns in high school and the subsequent performance in first-year college chemistry. 

Specifically, this study estimated the effect of (a) the amount, and (b) the types of high 

school coursework on college chemistry performance, as determined by the final course 

grade.  Furthermore, the interaction effect (number of courses by type of courses) on 

performance in chemistry was estimated. Do students need to take a minimum number of 

science courses in order to be prepared for college coursework, and does the type of 

courses taken in that sequence have an impact on performance at the college level?  

Design 

This study used extant data from a broader study for the National Science 

Foundation (NSF, funded under DUE-0737056), provided by researchers at University of 

California Berkeley (Claesgens, J., Scalise, K., Wilson, M., & Stacy, A,, 2009; Scalise, 

K., Claesgens, J., Wilson, M., & Stacy, A., 2006). Participants were surveyed on three 

occasions, while progress on content is measured with a number of exams and other 

assessments throughout the term and a final exam. In the first survey, students were asked 

to self-report the total number of semesters of science courses taken, as well as to identify 

which courses were taken, in high school (see Appendix). Main effects on the 

independent variables along with the interaction effect were estimated using a two-way 

ANOVA. 
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Participants 

The sample in this study was the chemistry 1A class at UC Berkeley. All 

participants were surveyed on three occasions within the fall term of the 2009-10 

academic year; (1) at the beginning, (2) midterm, and (3) end of the term about attitudes 

towards chemistry, future academic plans, and previous science coursework. After the 

term ended, grades that students earned were compared to the previous science 

coursework (number of courses taken in high school as well as types of courses taken) as 

reported by each student. Measures of attitudes toward science coursework were not used 

in this study, but were included as part of the larger NSF study being conducted (Scalise, 

K., Claesgens, J., Wilson, M., & Stacy, A., 2007; Scalise, K., Stacy, A., Douskey, M., 

Dabenmire, P., Lim, T., Sinapuelas, M. et al., 2010).  

The data were collected through surveys administered online via 

surveymonkey.com (an online survey system).  All students in the class were informed of 

the survey during the second week of classes and could access it from a link on their 

course webpage.  869 of the 1300 students enrolled in the course completed the survey, 

were 18 years of age or more at the time of the survey, and gave consent to participate in 

the study.  The high participation rate (~67%) suggests that this may be a reasonably 

representative sample of the class, however unknown or known systematic variables may 

be present, including the known variable of systematic non-inclusion due to the survey 

frame design of students less than 18 years of age at the time of the survey.  

Students who did not give consent to participate were excluded from the final data 

set. Students who were missing any of the three variables needed for this study were 

excluded from this study. Some students may have skipped some of the questions or 
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indicated “decline to state”; these students have some missing data.  Students were 

identified by the principal researcher through student ID to link with course grades and 

lab section. This identifying information was then removed before the data were analyzed 

by this researcher. 

Some students reported inconsistent information. For example, one student 

reported only taking only two semesters of high school science, but then listed that he/she 

had taken Earth Science, Integrated Science, Biology and Chemistry, although the 

reported coursework may not have fit into only 2 semesters of high school coursework, 

depending on the scope and sequence of the curriculum design, which is unknown.  Such 

a discrepancy also may be explained by taking courses concurrently. A student may have 

taken Earth science and Integrated science courses during the same semester, and 

reported it as having only taken 1 semester of science.  

Measurement 

The independent variables were classifications of type and amount of high school 

course work.  The dependent variable was college freshman course performance.  

Measurement of the three variables was restricted largely to the extant data used in this 

study. 

Dependent Measures. The dependent measure is student performance in 

Chemistry 1A course at University of California, Berkeley. Performance was measured 

by the final grade earned by students in the course, as determined by the course 

instructors. All instructors of Chemistry 1A at UC Berkeley use the same teaching 

materials and methods, including exams, and students may attend the lecture sessions of 

their choice or view webcasts. Laboratory sections are scheduled for each individual 
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student, depending on their selection of times and the availability of the choices, and the 

laboratory sections are facilitated by graduate student researchers, using materials created 

and used in common across all sections by the course instructors and staff. 

The course grade was determined by averaging 4 exams given over the course of 

the term with the final exam, along with other assessment information and points 

awarded on project-based work such as laboratories and a literature investigation. The 

data sample included raw scores on each exam for each student, and a cumulative 

percentage earned for the semester. Exam 1 and Exam 2 were worth 80 points each, 

while Exams 3 and 4 were worth 120 points each. The final exam was worth 250 points.  

Other assessment and project-based information was included in the final percentage 

score for the course.  

The percentage score was benchmarked into letter grade categories consistent 

with university grading standards of A+, A, A-, B+, B, B-, through F. Twenty-three 

students (2.65%) in the sample opted for Pass or No Pass grading option. Fourteen of 

these students (1.69%), earned a P grade which was then converted to the letter grade 

indicated by the percentage earned. The nine students (1.01%), who earned a NP were 

assigned the letter grade of an F as they would not earn credit for this course.  The data 

available for these analyses were the letter grades, only. 

To conduct an analysis of the main effects of type of course and number of 

semesters on the final course grade, letter grades were converted to numerical scores. A 

letter grade of F was assigned a value of one; a D- was assigned a value of two; a D, a 

value of three, etc., with a final grade of an A+ being assigned a value of thirteen. Values 

were assigned as displayed in Table 1.  
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Independent Measures. There are two independent variables, factor A (the 

number of courses taken), and factor B (the types of courses taken).  Numbers of courses 

were self-reported number of complete semesters. Students reported a minimum of one 

semester up to “more than eight” as an option. The number of courses will be grouped 

into the following ordered categories, (1) three or fewer semesters recorded, (2) four or 

five semesters, and (3) six or seven semesters, and (4) eight or more semesters of courses 

selected by the participants.   

Table 1  

Letter Grade Conversion to Numerical Values 

Letter Grade Numerical Value 

F 1 

D- 2 

D 3 

D+ 4 

C- 5 

C 6 

C+ 7 

B- 8 

B 9 

B+ 10 

A- 11 

A 12 

A+ 13 
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The variable "types of high school science courses" were classified into levels 

using the classification system of Teitelbaum (2003) and Planty et al. (2007). For the 

purpose of this study, Teitelbaum’s interpretation of Burkam and Lee’s pipeline serves as 

the guideline for the course grouping, with minor adaptations as described in the analysis 

section. Teitelbaum’s (2003) model was adapted for the proposed research.  Courses were 

organized into four levels of courses; lower level, middle level, middle level 2, and 

advanced level. Lower level coursework included courses listed as integrated science, 

biology, environmental science, or earth science. Middle level science coursework will 

include chemistry or physics courses. Honors chemistry, Honors physics, Honors Biology 

was categorized as Middle level 2. Advanced level coursework will include Advanced 

Placement courses taken in physics, chemistry, and/or biology, as well as International 

Baccalaureate courses. Students who identified taking coursework other than those 

identified above were sorted individually by the researcher into the category that 

appeared most fitting. 

Analysis 

A two-way analysis of variance model was used to estimate the effect of (a) the 

number of semesters of high school science coursework, and (b) performance in 

Chemistry 1A on college freshman chemistry grades. The number of courses had four 

ordered levels, (1) representing three or fewer semesters recorded, (2) representing four 

or five semesters, and (3) representing six or seven semesters, and (4) representing eight 

or more semesters of courses selected by the participants.  The type of coursework taken 

also had four levels, (1) will be Low level coursework, (2) Middle level 1 coursework, (3) 

Middle level 2 coursework, and (4) Advanced level coursework.  The dependent variable 
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was the course letter grade transformed into a numeric equivalent.  It is noted that the 

numeric scores associated with the letter grades are presumed to be continuously rather 

than categorically scaled. 

Internal Validity 

Strengths. The large sample size used in the study supports the generalizability of 

any relationships found between the independent measures. This study uses data from 

869 student responses, which limits the possibility of any one individual skewing the 

data. Any trends or patterns found in analysis of data could indicate that variance across 

high school coursework bearing the same title has less impact on student college 

readiness than previously thought. Conversely, if there is no discernable pattern found in 

the data, then this study supports further investigation in the effect that the 

aforementioned variability may have on student college readiness, however within the 

constraints of the limitations as described above.  

Weaknesses. This study utilized a quasi-experimental design, with post-hoc self-

reported observation data regarding what could be considered the treatment intervention 

(frequency and type of coursework). In addition to the self-report concerns mentioned 

above, such as conflicting self-reports for a few students and an inability to verify the 

self-reports for all students, another weakness in this design is the lack of random 

assignment of the participants of the study to the original intervention, of frequency and 

type. As such, there are numerous possible confounds at the student level that may have 

an impact on the results of this study, including ethnicity, gender, or socio-economic 

status of the participants. In addition, there are school level confounds that may also 
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affect the results of this study, such as school demographics and the type of secondary 

school of the participant (private or public).  

Although all students enrolled in Chemistry 1A were invited to participate in the 

study, not all students agreed to participate. Almost 1300 students were enrolled in the 

course at the start of the fall term, but slightly fewer than 900 students met the criteria of 

age 18 at time of the survey, provision of consent, and completion of both the survey 

independent variables needed and the course itself to obtain a final grade. 869 

respondents met these criteria for this survey, resulting in a 67% response rate. 174 of 

these participants (20%) were under 18, but obtained consent to participate.  No 

information is available on the student profiles of the approximately 400 students who 

were not included in this survey. An unintended result of this self-selected participation 

may be sampling bias.  It is possible that this reduces the heterogeneity of the student 

demographics in this study.  

High school courses taken around the state and the nation will have high 

variability in the rigor and breadth of the coursework. It is unlikely that all ‘Biology’ 

courses are equivalent in scope and difficulty with in a school district, much less within 

or across states. This same variance is highly likely to be found in all science courses, 

except Advanced Placement and International Baccalaureate coursework. AP and IB 

coursework has more rigid standards of accountability in order to maintain their status 

and accreditation by the respective governing boards. There is no way to guarantee that 

these advanced courses have similar teacher quality or course rigor, but it is likely that 

there is somewhat less variability between these courses. In 2008, the AP Course Audit 

was instituted, a process designed to ensure that high schools are aligning their course 



22 

curriculum to the college-level criteria set by the College Board (College Board 2010). In 

order for a high school to be able to list a course as Advanced Placement on transcripts, 

this audit must be completed.  Such a process helps to improve consistency in curriculum 

in the advanced level courses.  

The method for organizing the different courses into levels of rigor could be a 

source of error. These levels were adapted from studies conducted by previous 

researchers examining trends in science coursework (Burke & Lee, 2003; Planty, 

Teitelbaum). The data collection relies on student self-report regarding the courses that 

they have taken in high school, which is another weakness to this study. There is no 

apparent incentive for students to provide false reports, but a transcript analysis would be 

the only way to guarantee accurate reporting. 

Finally, a major limitation of the study regarding generalizability is the one-case 

setting for the collection of the data, and the characteristics of this setting as extremely 

high-achieving students. In fall of 2009 when this data set was collected, UC Berkeley 

had an overall admissions rate of 29.5% (University of California 2010). The average 

weighted incoming grade point average in 2009, for example, was 4.34. Additionally 

those students enrolling and completing first semester chemistry at the case study site 

tend to be some of the highest achieving incoming students relative to an already select 

overall incoming class, and the UC Berkeley chemistry department itself is one of the 

highest ranking such departments at research institutions in the country. Therefore 

especially regarding high school graduation requirements, this population is not 

representative of those who would be influenced for instance by minimum high school 



23 

requirements in California schools, since most students have gone considerably beyond 

minimum graduation requirements in their high school achievements. 

However some prior work on research studies by UC Berkeley researchers have 

indicated both in quantitative and qualitative findings that better supporting type and 

frequency of chemistry instruction does make a significant difference for student 

performance in high school more generally, including comparing what happens for (i) 

more typical schools and (ii) less served populations, with less served populations also 

making substantial gains in understanding through frequency and type interventions 

(Watanabe, M., Nunes, N., Mebane, S., Scalise, K., Claesgens, J., 2007). 

External Validity 

Strengths. All freshman chemistry students in the department were included in 

the survey population. This study, therefore, had a sample size that is quite large- almost 

1300 students were enrolled in the course, and close to 900 participated in the survey. 

After excluding incomplete or inconsistent surveys, there were still 869 student surveys 

to be included in the survey. Chemistry 1A is an early course in the science department 

sequence for science, technology, engineering, and mathematics majors (STEM) and is 

not the course sequence usually taken at the university by chemistry majors, so mostly 

represents other majors. In addition, chemistry 1A is one course that satisfies the general 

science graduation requirement for college graduation, so some student participants who 

do not intend to major in science. For this reason, college readiness indicators may be 

examined for all students, not only for students interested in pursuing a STEM major. 

Although study of this sample may not be easily generalized, an analysis of students with 
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strong academic profiles may produce effects that can be used to infer patterns in the 

academic profiles of students at other, less selective institutions. 

Weaknesses. While Chemistry 1A is an entry level course at this college, without 

a transcript analysis it is difficult to determine if this course is similar to other entry level 

chemistry courses at colleges and universities of the same caliber. This will make it 

difficult to generalize any trends found in the data to entry level courses beyond this 

university setting. In addition, although a large sample size is used in this experiment, 

there may not be a wide range of high school experiences represented. The graduation 

requirements of the states the participants were from, as well as the characteristics of the 

high schools students attend (socio-economic status, size of the school, private or public 

school), may have an uncontrolled impact on the results of this study.  
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CHAPTER III 

RESULTS 

 

The primary research question in this study focused on what, if any, relation 

existed between student course-taking patterns in high school and their subsequent 

performance in first-year college chemistry. Specifically, this study examined the main 

effect of (a) the number of science courses, and (b) the type of high school courses, and 

(c) the interaction effect (number of courses by type of courses) on freshman final overall 

grade.  

Eight hundred sixty-nine students participated in the survey. Of these students, 

508 were female (58.5%), 356 were male (41%), and 5 students (.5%) declined to 

respond to this survey question (see Table 2). 92.8% of all participants were from 

California. 29.9% of the respondents identified their ethnicity to be White/ Caucasian, 

while 33.3% identified themselves as Chinese or Chinese American. Fourteen different 

ethnic identifications were claimed by the participants.  A complete representation of the 

ethnic identification can be found in Table 3.  

 

Table 2 

Gender of Study Participants  

Gender N % 

Decline to state 5 0.5% 

Female 508 58.5% 

Male 356 41.0% 

Total 869 100.0% 
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Table 3   

Frequencies of Ethnic Identification of Study Participants 

Ethnic Identification N % 

American Indian/Alaska Native 4 0.5% 
Chinese/Chinese American 289 33.3% 
East Indian/Pakistani 62 7.1% 
Japanese/Japanese-American 22 2.5% 
Korean/Korean-American 83 9.6% 
Filipino/Filipino-American 30 3.5% 
Pacific Islander 5 .6% 
South East Asian 45 5.2% 
Other Asian 39 4.5% 
African-American/Black 5 .6% 
Mexican/Mexican American/Chicano 51 5.9% 
Spanish-American/Latino/Latina 26 3.0% 
Middle Eastern 28 3.2% 
White 260 29.9% 
Total 869 100.0% 

 

The mean final grade of all students was a B. Three hundred of the participants 

(34.5%) earned a final course grade of an A-, A, or A+, while 409 students (47.1%) 

earned a B-, B, or B+ in the course. 130 students (15%) earned a C-, C, or C+ in the 

course, while only eleven students (1.3%) earned a D in the course. Nineteen students 

(2.2%) earned no credit for the course, earning an F or NP as their final grade (Table 4). 

Upon analysis, a significant relation between gender of the participant and final course 

grade was found. Male students tended to outperform female students (χ
2
= 39.33, df = 
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10, p < 0.01). There was no significant relation found between ethnicity and grade. Table 

5 illustrates the final course grade distribution between genders.  

 

Table 4   

Final Course Grades  
	  

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Of the 869 students included in this study, 550 students reported taking 8 or more 

semesters of science, 182 reported taking six or seven semesters of science, and 91 

reported taking four or five total semesters of science. Only 46 students in the study 

reported taking three or fewer total semesters of science, 479 students in the study were 

found to have taken predominantly high level coursework, while 224 students 

predominately took Middle Level 2 coursework. There were 104 cases that had taken 

 Total 

Grade  N % 

A+ 26 3.0% 
A 148 17.0% 
A- 126 14.5% 
B+ 150 17.3% 
B 127 14.6% 
B- 132 15.2% 
C+ 57 6.6% 
C 33 3.8% 
C- 40 4.6% 
D 11 1.3% 
F 19 2.2% 
Total 869 100.0% 



28 

predominantly Middle Level 1 coursework, and only 62 students took mostly low level 

courses (See Table 6).   

 

Table 5   

Distribution of Final Course Grade by Gender 

 Female Male Total 
Grade  N % N % N % 
A+ 10 2.0% 16 4.5% 26 3.0% 
A 62 12.2% 84 23.6% 148 17.0% 
A- 69 13.6% 57 16.0% 126 14.5% 
B+ 86 16.9% 64 18.0% 150 17.3% 
B 78 15.4% 48 13.5% 127 14.6% 
B- 91 17.9% 39 11.0% 132 15.2% 
C+ 36 7.1% 21 5.9% 57 6.6% 
C 22 4.3% 11 3.1% 33 3.8% 
C- 30 5.9% 10 2.8% 40 4.6% 
D 9 1.8% 2 .6% 11 1.3% 
F 15 3.0% 4 1.1% 19 2.2% 
Total 508 100.0% 356 100.0% 869 100.0% 
Note 1. χ

2
= 39.33, df = 10, p < 0.01. 

 

Number of Semesters and Level of Coursework 

Prior to testing the effects of number-of-courses and course-level on grade, the 

relation between number of courses and course level was examined. Table 6 provides the 

observed counts of students for number of semesters by course level. When tested 

statistically, the two variables are not independent (χ2=37.31, df=9, p≤ 0.01). 

As indicated in Table 6, students who take higher level course work, also tend to 

take more semesters of the course work. Of the 62 students who took predominantly low 
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level courses, 37 (59.7%) reported taking eight or more semesters of science coursework, 

15 (24.2%) students reported taking six or seven semesters of science, eight (12.9%) 

students reported taking four or five semesters of science, while only two students (3.2%) 

reported three or fewer total semesters of science coursework in high school.  

 

Table 6 

Predominant Type of Courses Taken by Number of Semesters Cross-tabulation 

  
Number of semesters 

Predominant 
Type of Courses 
Taken 

 

1,2,3 4,5 6,7 
8 or 
more Total 

n 2 8 15 37 62 low level 
Percent within 
Predominant Type 
of Courses Taken 

3.2% 12.9% 24.2% 59.7% 100.0% 

n 12 13 32 47 104 middle level '1' 
Percent within 
Predominant Type 
of Courses Taken 

11.5% 12.5% 30.8% 45.2% 100.0% 

n 14 21 60 129 224 middle level '2' 
Percent within 
Predominant Type 
of Courses Taken 

6.3% 9.4% 26.8% 57.6% 100.0% 

n 18 49 75 337 479 high level 
Percent within 
Predominant Type 
of Courses Taken 

3.8% 10.2% 15.7% 70.4% 100.0% 

Total n 46 91 182 550 869 

 Percent within 
Predominant Type 
of Courses Taken 

5.3% 10.5% 20.9% 63.3% 100.0% 

Note 1. χ
2
= 37.31, df = 9, p < 0.01 
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Of the students who took predominantly middle level 1 coursework, 47 (45.2%) 

of them reported taking eight or more semesters of science coursework, 32 (30.8%) 

students reported taking six or seven semesters of science coursework in high school, and 

thirteen (12.5%) students reported taking only four or five semesters. Twelve students 

(11.5%) reported three or fewer semesters of science coursework.  

Only fourteen (6.3%) students who took predominantly middle level 2 science 

coursework reported taking three or fewer semesters of science coursework. Twenty-one 

(9.4%) students reported taking for or five semesters; while 60 (26.8%) students reported 

taking six or seven semesters of science coursework. 129 (57.6%) students reported 

taking eight or more semesters of science coursework.  

Of the students who took predominantly high level of coursework, only eighteen 

(3.8%) reported taking three of fewer semesters of coursework; 49 (10.2%) students 

reported four or five semesters of coursework, and 75 (15.7%) reported six or seven 

semesters of science coursework. 337 (70.4%) students who took predominantly high 

level science coursework reported taking eight or more semesters of science coursework.  

Effect of Number of Semesters and Level of Coursework on Course Final Grade 

The primary question in this research pertains to the effects of amount and level 

of high school chemistry coursework on the students’ freshman course grade. A two-way 

ANOVA was used to test the main and interaction effects of type and amount on 

freshman final grade.  The interaction effect was not significant (F = 0.64; df=9,839; 

p=0.77).  The main effect of type was significant (F=10.89; df=3,839; p=0.04), and the 

main effect of number of semesters was significant (F=7.02; df=3,839; p=0.02). Tables 7, 
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8, and 9 and Figure 1 provide the cell descriptive statistics, and Table 10 provides 

ANOVA summary statistics.  

Students who took predominately low level courses earned, on average, a grade of 

a 7.98 (B-). Students with predominately middle level 1 and middle level 2 also earned an 

average grade of 7.62 (~B-), and 8.35 (~B-), respectively. Students who took mostly high 

level coursework earned an average grade of a 9.43 (~B). As the mean final course grade 

increased, the standard deviation decreased, as indicated in Table 7.  

 

Table 7 

Descriptive Statistics for Main Effect of Predominant Type of Courses Taken on Final 
Course Grade 
 

95% Confidence Interval 
Predominant Type of 
Courses Taken Mean Std. Error Lower Bound Upper Bound 

low level (n= 62) 7.98 .50 7.01 8.95 

middle level '1' (n= 104) 7.62 .27 7.09 8.15 

middle level '2' (n= 224) 8.35 .22 7.91 8.78 

high level (n= 479) 9.43 .18 9.08 9.78 

 

  

 Similar results existed for the main effect of numbers of semesters on the final 

course grade (Table 8). Students who took three or fewer semesters of high school 

science earned a mean final grade of 7.60, which translated into approximately a B-. 

Students who reported taking four or five semesters of science coursework earned a mean 

final grade of 7.93, which also translated into a B-. Students taking six or seven semesters 
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of science coursework earned a mean final grade of 8.62 (approximately a B), while those 

students who reported taking eight or more semesters of science coursework 9.23 (also 

approximately a B).  

 

Table 8 

Descriptive Statistics for Main Effect of Number of Semesters on Final Course Grade 

95% Confidence Interval Number of 
Semesters Mean Std. Error Lower Bound Upper Bound 

1,2,3 (n= 46) 7.60 .49 6.63 8.57 

4,5 (n= 91) 7.93 .30 7.33 8.52 

6,7 (n= 182) 8.62 .21 8.20 9.03 

8 or more (n= 550) 9.23 .14 8.96 9.51 

 

 

Students who took high level courses earned a higher mean grade than their peers, 

Students who took only a few semesters of high level courses did not necessarily 

outperform those students who took more semesters of science, however (Table 9). As 

illustrated in Figure 1, students who took one, two or three semesters of high level 

courses earned a lower mean final grade than those students who took six or seven 

semesters of predominantly low level courses, as well as those students who took eight or 

more semesters of predominantly low levels of science. 
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Table 9 

Descriptive Statistics for Interaction of Predominant Type of Courses Taken by Number 
of Semesters 
 

95% Confidence Interval Predominant 
Type of Courses 
Taken # of Semesters Mean Std. Error Lower Bound Upper Bound 

1,2,3 (n= 2) 7.00 1.66 3.75 10.25 

4,5 (n= 8) 7.00 .83 5.38 8.62 

6,7 (n= 15) 8.73 .60 7.55 9.92 

low level 

8 or more (n= 37) 9.19 .39 8.43 9.95 

1,2,3 (n= 12) 7.50 .68 6.17 8.83 

4,5 (n= 13) 6.85 .65 5.57 8.12 

6,7 (n= 32) 7.59 .41 6.78 8.41 

middle level '1' 

8 or more (n= 47) 8.53 .34 7.86 9.20 

1,2,3 (n= 14) 7.29 .63 6.06 8.51 

4,5 (n= 21) 8.33 .51 7.33 9.34 

6,7 (n= 60) 8.53 .30 7.94 9.13 

middle level '2' 

8 or more (n=129) 9.24 .21 8.84 9.65 

1,2,3 (n= 18) 8.61 .55 7.53 9.69 

4,5 (n= 49) 9.53 .33 8.87 10.19 

6,7 (n= 75) 9.60 .27 9.07 10.13 

high level 

8 or more (n= 337) 9.97 .13 9.72 10.22 
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Figure 1. Mean Final Grades by Type of Courses and Number of Semesters. 

 

Statistically significant main effects were obtained for type and the number of 

semesters on the final course grade as measured on a numeric scale (see Table 1).  

Though the main effects were significant statistically, there were no actually effects in 

terms of the letter grade (Table 10). The interaction effect was not significant statistically, 

indicating that the main effect of type is independent of the number of semesters (Table 

10). Students who took more semesters of higher level coursework had higher final 

grades on average. 
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Table 10 

Type, Number of Semesters, Type by Number of Semesters ANOVA Summary Table 

Source Type III Sum  
of Squares df Mean Square F Partial Eta 

Squared 

Intercept 15269.607 1 15269.607 2786.70 .766 

Type 205.188 3 68.396 12.48** .042 

Number of 
semesters 132.342 3 44.114 8.05** .028 

Type by number of 
semester 38.273 9 4.253 .78 .008 

Error 4673.971 853 5.479   

Total 79786.000 869    

Corrected Total 5251.703 868    

** p<0.01 

 

The obtained significant effects were closely examined to identify the specific 

effects and to appraise the practical significance.  Referring to Figure 2, though the main 

effect of course type is significant statistically, the means and confidence bands indicate 

that the effect is associated primarily with the high level course types.  For all other types 

of courses taken, the confidence bands do overlap considerably. The pattern of means in 

Figure 2 explains in part the small effect size associated with course type, though the 

effect is significant, statistically.  The lower three types of courses (low, middle 1, and 

middle 2) are not different with respect to freshman grade. The significant effect is 

associated with the high-level courses in contrast to the other lower types of courses (t = -

7.35, df = 723.31, p ≤ 0.01). 
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Figure 2. Final First-Year Course Grade by Predominant Type of High School 
Science Coursework Completed. 

 

The graph of mean grade corresponding to each of the four levels of number of 

semesters illustrates the significant main effect of number of semesters is associated 

primarily with the 8 or more semesters resulting in higher final grades (Figure 3). 

Comparing the means for students taking 8 or more semesters with the mean for all other 

students collectively, the effect is significant statistically (t=-5.61, df=853, p ≤ 0.01). 
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Figure 3. Final First-Year Course Grade by Predominant Number of Semesters of 
High School Science Coursework Completed. 
 

Summary 

Taking more semesters of science coursework has a positive effect on final course 

grade. Students who took more semesters of science coursework in high school earned a 

higher final course grade, while decreasing the standard of error. Although the average 

final letter grade earned was the same for students who took three or fewer semesters of 

science coursework and those who took four or five semesters, a more complete picture 

can be obtained by observing the lower and upper 95% confidence bounds , as observed 

in Table 9. The lower bound grade for the former group of students was a 6.63 

(approximately a C), while the lower bound for the latter group was a 7.33 (C+).  The 

upper bound for both groups was an 8.57 and 8.52 respectively (B in both groups). The 

smaller confidence interval illustrates the difference in the mean final course grades 

within these two groups of students. The low sample size for students who took three or 
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fewer semesters of science coursework (n=49), however, also makes it difficult to make 

confident comparisons to the sample of students who took four or five semesters of 

science coursework (n=91).  

Similarly, although students who reported taking six or seven semesters of science 

courses earned the same average grade as those students who reported taking 8 or more 

semesters, there was a wider confidence interval in the scores for the former group than 

for the latter. One confounding variable in this particular area of the study are those 

students who reported taking three or fewer semesters of science coursework. The 

possible implications of confounds are noteworthy with respect to interpreting the results, 

and are further explore in the Discussion chapter. 

Students who took higher level science coursework in high school earned a higher 

final course grade, while decreasing the standard of error. Students who took 

predominately low level courses had an average final letter of a B-. Students who took 

predominantly middle level 1 courses also had a mean final grade of a B-, although the 

numeric average was actually lower than that of the previous group. This can be 

attributed to the upper and lower bound confidence intervals for each of the groups. 

Students who took predominantly low level coursework had a lower bound of a 7.01 

(C+), as did those students who had taken predominantly middle level 1 coursework, with 

a 7.09. The former group had an upper bound of an 8.95 (a B), however, while the latter 

group had an upper bound of an 8.15 (a B-), despite having a much lower standard error. 

Those students who reported taking predominantly middle level 2 coursework also had a 

mean final grade of an 8.35 (a B), but there was a lower standard error in the scores. The 

lower bound was a 7.91 (a B-), while the upper bound was an 8.78 (a B+). Those students 
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who took predominantly high level coursework had a mean final grade of a 9.43 (a B). 

This group had the smallest standard error (.18).  The lower bound of the confidence 

interval was a 9.08 (a B) and an upper bound of a 9.78 (a B+).  
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CHAPTER IV 

DISCUSSION 

 

The focus of this study examined what relation, if any, exists between the number 

of semesters and type of chemistry coursework that students take in high school and their 

performance in college. Is college performance related to the number of courses that 

students take in high school and to the types of courses that students take? Does the effect 

of one independent depend on the other independent variable interact? In this study, the 

hypothesis that there is a relation between the college performance and the type of 

coursework or number of semesters taken in high school is supported based on the data 

set used and the findings presented here.  

The results of this study indicate that the main effect of type and the main effect 

of number of semesters are both significant statistically. Taking more semesters of 

science in high school is positively associated with the final grade in first-year college 

chemistry. Also, taking higher level science coursework in high school is positively 

associated with final grade. There are several reasons that the relations between number 

of semesters of science coursework and final course grade, as well as between the type of 

high school coursework predominantly taken by students and final course grade might 

exist. One reason may be the increased exposure to scientific processes and information. 

Laboratory and investigative procedures that contribute to critical thinking and problem 

solving skills are a significant aspect of all science courses, and are taught regardless of 

the specific science content taught in each course. Webb (1999) articulates four depth-of-

knowledge levels within science and mathematics that addresses the ability of students to 
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successfully complete assessment activities. The first level is that of ‘Recall’, the ability 

to recall a fact, procedure or to apply a simple formula, while level two was that of ‘Skill 

or Concept’, and required students to make decisions about how to approach a problem or 

activity. Levels four and five, according to Webb (1999), include ‘Strategic Thinking’ 

and ‘Extended Thinking’, and require students to reason and plan using a higher level of 

thinking, solving complex problems, often over a long period of time. Students who take 

more science coursework are have increased opportunities to develop these skills, while 

those students who take higher level coursework are expected to develop those skills at a 

deeper or more sophisticated level, which would be consistent with the results of this 

study. Several studies report that these critical-thinking skills are positively associated 

with success in both post-secondary education institutions and in the workforce (Achieve 

2004, Cassner-Lotto & Wright 2006, Conley 2007). 

The results of this study indicate that students who have greater exposure to 

scientific information, as measured by number of high school semesters in which 

chemistry courses were completed may be better prepared to successfully complete 

college chemistry coursework. It is important not to overlook the simple fact that, in 

order to be successful in college chemistry, students must be able to demonstrate 

knowledge of the course content. Introductory college chemistry courses are often 

‘gateway’ courses, which convey content knowledge that students need to master in order 

to find success in later college science courses. In this context, first-year college 

chemistry may not necessarily cultivate critical thinking skills, but serve as a type of 

‘sorting’ mechanism by exposing students to content at the pacing and level of rigor 

expected of prospective STEM majors.  Conley & Bowers’ (2008) study found that 
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college science courses are teaching many key content topics as though it was new 

material, despite the fact that the same content is taught in high school courses. In a 

previous study, Tai, Sadler, & Ward (2006) found that students who had a strong 

background in chemistry content- specifically in the area of stoichiometry- were likely to 

have higher grades at the end of first-year college chemistry.  Based on the findings of 

these researchers and the results of this study, it is a reasonable hypothesis that students 

who take more science coursework have more exposure to chemistry concepts within a 

variety of contexts, while those students who take higher level coursework are exposed to 

a deeper level of content knowledge, thus increasing the likelihood of success in first-

year college chemistry.  

In addition, this study finds a direct link between high school course-taking 

patterns and subsequent performance in college chemistry, supporting other studies that 

have examined this subject indirectly (Allen & Sconing, 2005, ACT, 2006b). According 

to the results of this study, high school students increase their likelihood of being 

successful in chemistry if they take a high number of science courses, but can 

compensate for this if taking fewer, higher level science coursework. This may be due to 

increased understanding of the scientific information and processes mentioned 

previously. Students who take higher level of science coursework are exposed to a deeper 

level of content knowledge and critical thinking skills, and may learn this information 

after taking fewer courses.   

Another possible reason for the results obtained in this study may be students' 

personal motivation. The higher level courses taken, or the increased number of science 

courses taken may be an indicator of a higher level of interest in science, perseverance, or 
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personal motivation on the part of the students. It is also possible that family expectations 

and support may influence students’ motivations to be successful in science coursework. 

Students whose families expect them to pursue careers in STEM fields may have 

additional motivations to take more science courses, or higher level science coursework 

in high school, as well as to be successful in college courses. This study did not include 

information on student motivation, which might be an area of further research. It should 

be noted that additional studies on an extensive array of relevant variables in this data set, 

including performance, instructional, motivational, attitudinal and affective factors, is 

being conducted as part of the larger National Science Foundation study (Scalise, K. et 

al., 2007; Scalise, K., et al.2010). Connecting the results of this study with published 

studies that specifically examine student motivation within the area of science may be 

able to provide a more comprehensive picture of student course-taking patterns, as well 

as the implications for student success in college science courses. Such information may 

also help colleges identify students who are most at-risk of not-completing science 

courses, thus aiding in reducing the attrition of STEM majors.  

The interaction of type by number of semesters was not found to be significant 

statistically. While the group of students who took more semesters of higher level science 

coursework completed freshman college chemistry with higher grades than their peers, 

the results of this study indicate that taking more semesters of higher level science 

coursework does not increase the likelihood of doing well in college chemistry, beyond 

the main effects, as there is no observable additional significant influence on final grade 

in chemistry.   
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This lack of interaction effect is interesting, as it could be hypothesized that if 

there is a relation between each independent variable (type of course and number of 

semesters) on final course grade, then an interaction would be present. As mentioned 

previously, student exposure to critical thinking skills and scientific processes, as well as 

exposure to important scientific content, may explain the main effects of number of 

frequency. It is possible that no interaction effect is observed because the critical thinking 

skills needed for both content and processes are equivalent. Once students have attained a 

certain level of skill, the likelihood of success does not increase with additional 

coursework. Students may attain that skill through sufficient numbers of coursework or 

by taking high level coursework, but after that, there is no additive benefit to taking more 

courses of higher type. Another possible explanation for the lack of interaction effect may 

be due to the sample distribution. Of the 869 participants in this study, 337 (~39%) took 

eight or more semesters of science coursework and predominantly high level courses. 

The unbalanced distribution of the participants may be masking an interaction effect.  

Another interesting finding in this study was the performance of students who 

took predominately low level courses, but also took more semesters of science 

coursework. Students who took six or seven of semesters of predominantly low level 

coursework earned a mean final grade of 8.73 ( equivalent to a letter grade B),while 

students who took eight or more semesters of those same type of courses earned a mean 

final grade of 9.19 (equivalent to a B). Both of these groups of students outperformed 

those students who took a 3 or fewer semesters of higher level coursework, who attained 

a mean final grade of 8.61 (a B). Although this difference was not statistically significant, 

it does, however, merit closer examination.  
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As illustrated in figure 1, there is a general dip in performance among all students 

who took predominantly middle level 2 coursework, regardless of the numbers of 

semesters. A possible explanation for this may be the classifications of the courses 

included in each type category. This study organized coursework into type based on the 

work of Burkam & Lee (1997), Planty et al. (2007), and Teitelbaum (2003). Lower Level 

coursework included courses such as integrated science, biology, environmental science, 

or earth science. Middle level 1 coursework included chemistry and physics.  The results 

of this study seem to indicate that classifying these courses as ‘low level’ may be 

inaccurate. It may be that physical science, earth science, and integrated science courses, 

often labeled as conceptual courses, are more rigorous than commonly thought. Although 

this is but one study, it adds to the literature base examining the factors that will best 

prepare students to be successful in the transition from high school to college. As states 

look to strengthen graduation requirements and provide college- and work-ready high 

school graduates, this study helps to highlight course-taking patterns that may lead to a 

higher likelihood of success in college chemistry.  

By extension, students who find success in first-year STEM courses, such as 

chemistry, may persist in degree attainment in these fields. Approximately 30% of 

students who entered college with aspirations of attaining a degree in a STEM field 

attained that degree within 4 years (HERI, 2010). Eagan, Hurtado, & Chang (2010) found 

that prior academic preparation represented one of the strongest predictors of STEM 

students’ likelihood to complete a degree in STEM. Identifying course-taking patterns 

that provide such preparation in high school may improve student persistence beyond 

first year science courses.  
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The results of this study indicate the type of coursework and numbers of courses 

taken each have a significant positive association with final course grade. Though there 

are significant main effects, the effect size eta-square is small. Type of course predicts 

approximately 4% of the variance, while number of semesters predicts approximately 3% 

of the variance. It is important to note the lack of balanced sampling design, i.e., 

disproportionate numbers of students in each number of semesters by type of course 

classification group. Fewer students in this sample took lower level coursework and 

fewer semesters than the number of students who took higher level coursework and more 

semesters. Due to a relatively large sample, statistically significant effects were obtained, 

even though that effect is proportionally small. Graphic illustration of the group means 

and 95% standard error bands indicate that the main effects are associated primarily with 

one group differing from the others, rather than any pairwise group differences. 

In this study, the significant relation found in the main effect of type and the main 

effect of number of semesters and final course grade is observed in the numerical values 

assigned. In several instances, even though there is a statistical significance between the 

numerical values, it results in the same letter grade. This raises an important question. 

Are the effects significant practically if the letter grade does not actually change as a 

function of the independent variable? Does this effect have a meaningful impact? Due to 

the method of coding, letter grades were assigned a number on a 1-point scale. This 

resulted in a letter grade of a C+ being assigned a value of seven, B- assigned a value of 

eight, and a B assigned a value of nine. As was discussed in the Results chapter, Students 

who took three or fewer semesters of high school science earned an average final grade 

of a B- , with a numerical value of 7.60. Students who reported taking four or five 
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semesters of science coursework also earned an average final grade of a B-, with a 

numerical value of 7.93. Students taking six or seven semesters of science coursework 

earned an average final grade of an 8.62, which is equal approximately to a letter grade of 

B, as did those students who reported taking eight or more semesters of science 

coursework (9.23). The mean numerical score was assigned a letter grade by rounding to 

the nearest whole number, even though the mean values varied greatly.  

Rescaling the letter grade to a numerical scale for analyses does not necessarily 

invalidate the results, but does indicate the need to interpret the results cautiously. With a 

larger, more heterogeneous sample, the main effects may be amplified, and this there will 

be a more observable effect in the final letter grade earned in the course. Likewise, it may 

also be possible to better observe the main effects by utilizing a regression analysis and 

examining the raw points total rather than the letter grades for the study participants for a 

possible association with course type and frequency. The full point totals for participants 

were not available in this released data set; however, it should be noted that significant 

limitations would also be present utilizing such a methodology. It is a common practice 

to observe the practice of ‘curving grades’ in classrooms, at both the  high school and 

college level, which could result in point totals indicating the presence of a main effect, 

although participants may not have earned credit in the course. The focus of this study is 

to determine if there is a relation between course type and frequency and performance in 

first year college chemistry, and performance is most commonly indicated by earning 

course chemistry. This supports the definitions of college readiness that include the 

successful completion of credit-bearing college courses (Conley, 2007).   
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To better analyze the main effects in this study, it may have been more beneficial 

if the numerical values were assigned to letter grades in closer approximation to realistic 

differences (a C+ was approximately a 65%, a B- was approximately a 70%, and a B 

averaged a 75%). Another possible numerical scaling of the letter grades would be to 

assign values of a 6.5 for a C+, a 7.0 for a B-, and a 7.5 for a B. It is possible that this 

may reduce errors in rounding numerical values to respective letter grades. It may also be 

a viable option to use percentages as the numerical values in statistical analyses, although 

this is not recommended; as mentioned previously, it is the final grade that is reported on 

college transcripts, and thus the value that must remain the focus of investigation, rather 

than the percentage values.  

In this study, a significant relation between performance in college chemistry and 

higher level coursework was found. AP courses are more closely aligned across state and 

national level, and the curriculum is set by the College Board. The recent AP course audit 

conducted helps to ensure fidelity to the curriculum by high schools across the nation. 

This study included International Baccalaureate (IB) coursework as advanced 

coursework, which also includes an internationally aligned curriculum (International 

Baccalaureate). In addition, the results of this study support the published literature 

linking advanced coursework completion to college readiness (Achieve 2004, ACT 

2006b; College Board 2010). The results of this study reinforce the relation found by 

Allen & Sconing's 2005 study linking the ACT science test to success in first-year 

college science courses, and adds to their report that studied this effect on first year 

college Biology.  Although there is limited literature in this field, the literature that does 

exist supports the hypothesis that an aligned curriculum series of advanced coursework, 
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such as Advanced Placement courses, has a positive influence on preparedness for 

college coursework, as do the results of this study.  

Despite the lack of alignment of science curriculum across the district, state, and 

national levels for this data set overall, a statistical significance association was found 

between the type of coursework taken and the final grade in chemistry. Labeling a course 

as 'Chemistry' on a transcript provides little information regarding the rigor of the course 

expectations, the breadth of content covered, nor does it indicate the depth to which 

content is covered. Without an analysis of course syllabi, it is difficult to discern the level 

of variability in student experiences within a science course. However, this study 

supports- at least for this data set- that those creating and instructing these courses are 

bringing about student outcomes positively associated with college success, in this 

context and based on this data set. 

Several publications in recent years have argued for more course alignment, both 

at the state level as well as the national level (Achieve, 2004; ACT, 2007; American 

Diploma Project, 2004; Conley, 2007). This study appears to find a significant relation 

between success in college chemistry and high school coursework without such 

curriculum alignment, but does not explore the differences that might be made by more 

or less alignment in policies and practices. Even with published science standards 

adopted by at the state level, material covered in a standard chemistry course can vary 

significantly in depth and breadth of content between districts, schools, and even between 

teachers in the same building. This suggests implications for future research, as 

performance associated with curriculum alignment are out of the scope of this study.    
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One confounding variable in this particular area of the study are those students 

who reported taking three or fewer semesters of science coursework. While the 

University of California, Berkeley admissions process does not specify the number of 

science credits, the selective nature of the university raises questions regarding those 

students with low number of science coursework. There are a few possible explanations, 

however, for these students. First, UC Berkeley admissions office completes a 

comprehensive evaluation of all candidates. It may be that the strength of these students 

portfolio was such that meeting the minimum requirements of credits earned in science 

was sufficient for the student to be admitted, given other strengths and also the goals of 

the student, which may not have been a science major.  

Another reason that students may have reported so few science courses could be 

the difference between semesters of coursework and credits earned. The state of 

California, the state from which most students in the study came, requires two credits of 

science coursework to graduate. Credit may have been earned after only one semester of 

class, depending on the school schedules. A final reason that students may have reported 

three or fewer semesters of science is that the survey question asked, “How many 

semesters of science courses, total, did you take in high school?” Some students may 

have interpreted this question to exclude any courses taken in an alternative environment, 

such as at a local community college.  

Future research in this area could improve on this study by further clarifying 

survey questions to determine the number of science classes taken before entering first-

year college chemistry courses at four-year institutions. A thorough transcript analysis of 
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participants in similar studies might also yield a more comprehensive profile of student 

course-taking patterns, strengthening the research in this field of study.  

Limitations 

The lack of random assignment in the quasi-experimental design of this study, 

which used self-report data for the course frequency and type introduces many possible 

confounds. Clearly, self-report data may be unreliable or have unknown bias. The 

limitation is not so much in the nature of the positive association found, at least for this 

data set, but rather in interpreting the results, such as considering whether that association 

could be not only predictive but considered in any way attributable to the instructional 

interventions themselves, for instance for policy-making decisions on credit 

requirements.   

Uncontrolled high school level and student level variables may have substantially 

influenced the results of this study, in non-construct relevant ways. For instance, students 

taking higher levels of coursework may be from high schools surrounded by relatively 

high socio-economic conditions. If this exists, then those students who take higher level 

coursework may also be exposed to additional widely recognized systems that lead to 

college readiness factors, such as smaller class sizes and more supportive home 

conditions. Student demographics, such as gender and ethnicity, whose impact on college 

success has been studied by other researchers (HERI 2010, Horn, Kojasku, & Carroll 

2001, OUS 2003, Seastrom, et al 2007, Tie, Sadler, & Loehr 2005), may also confound 

the results.  The participant’s state of graduation may impact the results of this study, 

with varying graduation requirements, state curriculum standards, and the teacher 

experiences. 
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In this study, there was a large difference in the sample sizes of the different 

categories. This violation of equal sample sizes may result in a differential weight to the 

variable categories, which could have resulted in a type 1 error. In this case, that would 

result in this study indicating relations between the type of high school science 

coursework and final course grade, and between the number of semesters of high school 

science courses and final course grade when, in fact, there is no relation. If this study 

were to be repeated, balanced sample sizes would help to reduce this source of error.  

There may be other methodological weaknesses in the sampling procedures, as 

described previously, or in coding the variables. It is also possible that there were validity 

issues in measurement, to do with the collection and interpretation of the information, 

such as the balance of point-awarding in the various examinations and assignments, and 

of course the self-report data on the independent variables for students as has been 

described. Future research may benefit from utilizing a mixed methods design, using 

qualitative procedures to provide a more thorough explanation of obtained effects. The 

qualitative research could study the student, the school, or even both.  

The question can be raised examining if the results observed in this study 

generalize beyond the “elite” group of students such as those found at Berkeley. Would 

the same or possibly larger effect be obtained at another university with a more 

heterogeneous population? If this study were broadened to include a more heterogeneous 

sample with respect to high school course-taking patterns, an area of future implications 

to explore is whether this effect would still be observed, or even perhaps be substantially 

amplified. This, however, is outside of the scope of the current study to consider. 
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Implications  

The results in this study may help support policy decisions made regarding state 

graduation requirements. As each state examines current graduation requirements, or 

looks to create more rigorous requirements, the results of this study seem to indicate that, 

at least within the area of science coursework, two plausible options include; increase the 

number of science courses students are required to take to graduate, and specify the types 

of science courses that students must take in order to graduate. Both policy decisions 

carry significant financial implications. If states increase the number of science credits 

that students must take, as Oregon recently has done, then states need to consider the cost 

of increasing the number of science teachers within schools, as well as providing 

increased resources such as textbooks and laboratory materials. 

Given the recent economic downturn across the nation, this may not be fiscally 

possible. However, if states mandate the type of science coursework students need to take 

in order to graduate- specifically higher level coursework- then schools must ensure that 

there are sufficient numbers of teachers qualified to teach those high level courses. Under 

NCLB mandates, schools must provide highly qualified teachers in content areas, or 

notify parents when a class is taught by a teacher who is not highly qualified in the 

subject area (U.S. Department of Education, 2002). Of course, well qualified teachers 

have been shown to be an important part of student learning outcomes. 

Instead of specifying type of coursework students must have to graduate, states 

may opt to change the content standards in science curriculum. Increasing the rigor of the 

curriculum standards may reduce the numbers of lower level courses students take by 
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changing the content of those courses, although taking fewer lower level courses was not 

associated with a positive outcome in this study, based on considering the interaction 

effect. However, future studies might consider how aligning curriculum across states, 

such as through a mechanism like that of AP or IB courses, may also increase rigor at a 

more consistent level, providing a more consistent experience for students at a national 

level. If increased rigor of content standards is accompanied by the measures to ensure 

fidelity across the state, states may also be able to reduce variability among classrooms 

across between and within districts and schools.  

In conclusion, this study observed a positive association between student course 

taking patterns in high school and performance in first-year college chemistry. Taking 

more semesters of science is positively associated with higher grades at the conclusion of 

the course. Taking higher level coursework is also positively associated with higher 

grades. Although further research is needed, the results of this study could have 

implications for the development of graduation requirements that will improve the 

likelihood that student will graduate from high school with the career and college 

readiness skills needed for success in their post-high school pursuits.    
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APPENDIX  

CIRCUMSTANCES SURVEY FALL 2009 
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