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In an attempt to improve student achievement in science in Florida, the Florida 

Department of Education implemented end-of-course (EOC) assessments in biology 

during the 2011-2012 academic school year. Although this first administration would 

only account for 30% of the student's overall final course grade in biology, subsequent 

administrations would be accompanied by increasing stakes for students, teachers, and 

schools. Therefore, this study sought to address gaps in empirical evidence as well as 

discuss how educational policy will potentially impact on teacher evaluation and 

professional development, student retention and graduation rates, and school 

accountability indicators.  

This study explored four variables- reading proficiency, ethnicity, socioeconomic 

status, and gender- to determine their influence and relationship on biology 

achievement on the Biology I EOC assessment at a Title 1 school. To do so, the results 

of the Biology I EOC assessment administered during the Spring 2012 school year was 

obtained from a small, rural Title 1 high school in North Florida. Additional data 

regarding each student's qualification for free and reduced-price lunch, FCAT Reading 

developmental scale scores, FCAT Reading level, grade level, gender, and ethnicity 
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were also collected for the causal-comparative exploratory study. Of the 178 students 

represented, 48% qualified for free and reduced-price lunch, 54% were female, and 

55% scored at FCAT Reading level 3 or higher. Additionally, 59% were White and 37% 

Black.  

A combination of descriptive statistics and other statistical procedures such as 

independent samples one-tailed t-test, one-way ANOVAs, ANCOVAs, multiple-

regression, and a Pearson r correlation was utilized in the analysis, with a significance 

level set at 0.05. Results indicate that of all four variables, FCAT Reading proficiency 

was the sole variable, after adjusting for other variables; that had a significant impact on 

biology achievement. Students with higher FCAT Reading developmental scores scored 

significantly higher on the Biology I EOC assessment than their peers with lower FCAT 

Reading scores. Additionally, FCAT Reading developmental scale scores were 

significantly correlated with Biology I EOC scores. The significant predictors for biology 

scores included FCAT Reading developmental scale scores, grade level, and eligibility 

for free lunch, which collectively explained 60% of the variability.  
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CHAPTER 1 
INTRODUCTION 

Historical Context of School Accountability  

Since the 1983 publication of A Nation at Risk urged greater accountability from 

schools and higher academic standards (National Commission on Excellence in 

Education, 1983), the standards-based reform movement has gained momentum and 

exerted considerable influence on both state and federal educational policy. Dismal 

student achievement data on national and international assessments served as a 

catalyst for the exigency of school reform. One such reform, the No Child Left Behind 

Act (NCLB) was signed into law on January 8, 2002, by President George W. Bush. 

NCLB was based on the premise that by holding America's public schools accountable 

for student performance, student achievement would increase. This reform movement 

assumed that the foundation for academic achievement rests primarily within the public 

schools whose failure to educate American's children in basic reading and math literacy 

resulted in a future citizenry that was unprepared for employment and advanced 

educational opportunities.  

The proposed solution involved ensuring school accountability through: 

educational standards in each grade and subject, testing, and accountability through 

standardized assessments in core subject areas. Despite statewide variations in policy,  

it was common for states to create content standards in the core academic subject 

areas and test regularly to measure mastery of standards. These tests were developed 

by each state and approved at the federal level for public schools to obtain federal 

funding. Some states awarded  special diplomas for students  who scored exceptionally 
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high, while students receiving low scores might be retained or denied a diploma 

(American Educational Research Association, 2000).  

The standardized tests were also used to supply objective performance 

indicators that determined whether schools made "adequate yearly progress" in 

educating their students.  The scrutiny of published test results served to ensure that 

administrators and teachers would improve educational delivery in a manner that would 

prevent "failing" and achieve the rewards associated with high achievement (Carnoy & 

Loeb, 2002). High scores could bring public praise or financial rewards; low scores 

could bring public embarrassment and heavy sanctions. Failure to make adequate 

progress over a period of time resulted in the implementation of sanctions such as 

allowing students the option to matriculate at other better performing private or public 

schools (No Child Left Behind Act of 2001, 2002). 

Prior to the prominence of the accountability movement, the association between 

assessment and accountability was laissez-faire (Carnoy & Loeb, 2002; Kress, 

Zechmann, & Schmitten, 2011). Accountability was traditionally community oriented and 

relied on the participation of parents and local school boards. Schools were 

"accountable to district administrators, who, in turn, answer to elected boards" (Carnoy 

& Loeb, 2002, p.306). Assessments were primarily used by administrators and teachers 

for diagnostic purposes, to determine student proficiency with loosely defined state 

curricula, and to segregate students into academic tracks (Carnoy & Loeb, 2002; Kress, 

Zechmann, & Schmitten, 2011).  However, after NCLB, the competency of teachers was 

no longer the primary judge of student accomplishment; instead, it became increasingly 

commonplace to rely on testing (Baker, 2001).  
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This routine use of tests has gained traction due to escalating public views of test 

credibility as the primary source of information regarding individual student 

performance, the quality of educational institutions, and the quality of innovations in 

education (Baker, 2001). Marchant (2004 identified a shift from testing being used for 

diagnostic/ prescriptive purposes that allow teachers to evaluate student proficiency to 

becoming a yardstick to evaluate the success of students, teachers, schools, districts, 

and even states. Thus testing has become a high-stakes process in which achievement 

tests are associated with serious consequences for educators and schools.  

Education Policy 

Public educational policy is based on the premise "that all children... obtain a 

high-quality education and reach a minimum proficiency on challenging state academic 

achievement standards and state academic assessments" (U.S Congress, 2002, p. 15). 

In Florida, this public policy has been adopted through the implementation of the Next 

Generation Sunshine State Standards (NGSSS) and  an increase in the minimum 

passing requirements for graduation, as well as the adoption of Common Core 

standards. Common Core standards are English and mathematics educational 

standards for kindergarten through 12th grade that had been adopted by 45 states, 

including Florida by the end of 2010 (Florida Department of Education, 2010) (Common 

Core Standards Initiative, 2012a). However, these standards will not be fully 

implemented in Florida until the 2013-2014 school year (Florida Department of 

Education, 2010).  

The Common Core standards are considered to promote equity by ensuring that 

all students, regardless of geographic location, are provided with the same clear set of 

expectations for knowledge and skills at each grade level (Common Core Standards 
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Initiative, 2012a). The standards are designed to be "robust and relevant to the real 

world, reflecting the knowledge and skills that our young people need for success in 

college and careers" so that students can effectively compete locally and globally 

(Common Core Standards Initiative, 2012c). According to the Common Core Standards 

Initiative (2012b), Common Core standards use: increasing levels of complexity in 

student reading and reading comprehension; writing standards heavily focused on 

developing and conveying logical arguments based on substantive claims and sound 

reasoning; techniques to develop student vocabulary; and provide for a solid foundation 

in whole numbers, addition, subtraction, multiplication, division, fractions, and decimals. 

Thus, collectively the Common Core and the Next Generation Sunshine State 

Standards serve as additional new accountability indicators that strive to improve the 

academic achievement of all students. This focus demonstrates how Florida’s education 

policy centers on improving the rigor, skills, and core content knowledge through the 

implementation of increasing number of standards and assessments to measure 

student learning.  

Although the Common Core is meant to improve student performance through 

systematic incorporation of core standards in reading and math, the extent of the effect 

of this policy on science education is subject to debate. Education policies such as 

Common Core and NCLB, which do not specifically target science education, still exert 

an influence. Johnson (2013) revealed that the significant emphasis placed on reading 

and math had resulted in significant reductions in the emphasis on science education. 

For example, middle schools were burdened with trying to bridge the deficits in student 

knowledge and experiences due to the failure of elementary schools to teach science. 
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Therefore, the practices within science education are influenced by education policy, 

especially ones specifically targeted for science education (Fensham, 2009). This 

influence is in part, due to the endorsement of some practices over others as well as the 

differential emphasis of the what and how of science teaching and learning. Thus, 

education policy, "are operational statements of values" (Fensham, 2009, p. 1080).  

One such example is Thailand's policy decision to increase student achievement 

in the sciences. The policy required high school students focusing on sciences, to study 

physics, chemistry, and biology for three years each. Even students who focused on the 

humanities, were required to complete 2 years of physical and biological sciences. This 

policy of "no choice" resulted in the reduction in gender inequity in student performance 

in the sciences (Fensham, 2009). Despite this positive outcome, such a policy decision 

within the United States may not be a national possibility. The strong cultural emphasis 

in American education on the provision of "choice" may inadvertently result in less 

choices at the postsecondary level and future careers (Fensham, 2009).  

Thus the effect of policy on practice is a significant one. This effect is particularly 

pronounced in federally mandated school accountability situations that has influenced 

school funding and district strategic planning (Johnson, 2013). As state developed 

multiple-choice assessments have increased in popularity, emphasis on student gains 

on such assessments has become top priority, thereby affecting funding, personnel, 

scheduling, curriculum and instruction, the learning environment, and accountability 

(Johnson, 2013). The collective effect of both the macro- and micro- level education 

policy produces educational turbulence and stifles systemic educational reform 
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(Johnson, 2013), as long as test-based accountability systems maintain their current 

theoretical underpinnings (Anderson, 2011). 

According to Anderson (2011), "accountability policies alter the practice of 

science education because they limit the effectiveness of other reform movements" (p. 

116). The use of innovative practices such as project-based learning, student-centered 

teaching, inquiry-based instruction, and constructivist learning; that research has 

identified as improving student engagement and understanding of science; are typically 

sidelined to focus on improving standardized test scores. Research has also revealed 

that due to this accountability test system, the highest performing students may have 

received a reduction in attention and opportunities due to teacher focus on strategically 

improving the scores of a few students to pass state tests (Anderson, 2011). 

Furthermore, the availability and funding of professional development for teachers in 

science was also negatively impacted, so as to address the accountability requirements 

in math and reading (Anderson, 2011).  

Therefore, although expectations of science education nationally and state-wide 

are high, there exists a disconnect in what takes place in America's classrooms. Thus, 

education policy as it relates to the curriculum and measurement of student learning, 

has served to alter science education; in part, due to its significant emphasis on student 

achievement as indicated by standardized assessments. Nevertheless, tensions exist 

within the public educational policy community about current approaches to the 

measurement of learning (Baker, 2001). Public policy is shaped by three competing 

desires: a) the creation of clear goals and appropriate measures so that students, 

teachers, and schools can meet such expectations, b) local control in deciding what the 
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goals and measures should be, and c) using the least expensive way of comparing 

students, schools, districts, and states (Baker, 2001). According to Baker (2001), these 

three conflicting goals lead to the reliance on inappropriate tests to measure progress, 

and thus public policy promulgates faulty and premature conclusions from the tests. 

Factors Affecting Student Achievement Scores on Standardized Tests 

No test is capable of perfectly measuring the knowledge of a student, hence why 

educators have consistently expressed concerns about the conclusions derived from 

standardized testing. In fact, test scores fail to reveal other factors that influence student 

achievement. Research has revealed a variety of other characteristics that have a 

negative impact on student performance on standardized tests include, but are not 

limited to: low levels of reading proficiency (Haught & Wall, 2004; Maerten-Rivera, 

Myers, Lee, & Penfield, 2010; O'Reilly & McNamara, 2007; Romance & Vitale, 2008), 

limited background knowledge (Cromley, Snyder-Hogan, & Luciw-Dubas, 2010; Ozuru, 

Dempsey, & McNamara, 2009), limited vocabulary (Fang, 2006), negative attitudes 

toward science (Singh, Granville, & Dika, 2002), and student participation in less 

academically rigorous courses (Moore & Slate, 2008; National Science Foundation, 

2012a; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Rumberger & 

Palardy, 2005; Strand, 2012). 

Research has also revealed that student backgrounds have a significant impact 

on student achievement scores. However, that impact is not a simple direct product of 

social background, but instead reveals itself indirectly through complex stratification 

mechanisms (Mostafa, 2010). For example, research has revealed that students from 

families with lower levels of parental educational attainment as well as single parent 

families, have lower levels of educational achievement (Hines& Holcomb-McCoy, 2013; 
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Kahlenberg, 2001; Okpala, Smith, Jones, & Ellis, 2000; Qui & Wu, 2011). Research also 

shows that these families are more likely to have lower earning potential  (National 

Center for Children in Poverty, 2007; U.S. Department of Labor (2010). Since the 

socioeconomic composition of the local community largely determines the 

socioeconomic composition of schools, schools are usually composed of other 

individuals of similar socioeconomic standing (Mostafa, 2010). Thus, students of a 

similar socioeconomic background enroll in schools with others of similar backgrounds. 

Thus, the research indicates that the background of the student plays a significant role 

in influencing academic achievement.  

However, achievement scores are not solely a function of the students' 

background, but instead represent a confluence of other variables, of which the 

educational system is paramount. Therefore, student scores also fail to reveal the 

influence of institutional effects on student achievement. Disparities in educational 

funding from community to community results in reduced resources for less privileged 

students (Mostafa, 2010). Furthermore, those disparities are compounded by difficulties 

recruiting and retaining effective teachers (Puma, Karweit, Price, Ricciuti, Thompson, 

Vaden-Kiernan, 1997; Tillman, 2005 ), thereby increasing the proportion of minority and 

low-income students exposed to less effective teachers (Murphy, DeArmond &Guin, 

2003; National Science Foundation, 2012a).  

Research has consistently indicated the importance of effective teachers in 

improving student achievement for all students (Allen, Gregory, Mikami, Lun, Hamre & 

Pianta, 2013; Konstantopoulos & Chung, 2011). Studies have indicated that lower 

teacher expectations often lead to weakened academic performance in students 
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(Gregory & Weinstein, 2008; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 

1997; Rumberger & Palardy, 2005; Strand, 2012. For example, research by 

Konstantopoulos and Chung (2011)  demonstrated that teachers have a significant 

influence on student achievement, particularly in reading and science.  

This effect is cumulative. Having effective teachers year after year produced 

larger gains in achievement for all students, an impact which was particularly 

pronounced in schools with high minority populations. According to the study’s authors, 

a single effective teacher increased student achievement by approximately one tenth of 

a standard deviation (Konstantopoulos & Chung, 2011). Therefore, considering that 

effective teachers are more likely to be concentrated in schools with students of high 

socioeconomic standing (Bankston III & Caldas, 1998; Caldas & Bankston III, 1997; 

Condron & Roscigno, 2003; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 

1997; Rumberger & Palardy, 2005; Ryabov &Van Hook, 2007), the experience of 

schooling differs remarkably based on one's socioeconomic background.  

Everson and Millsap (2004) revealed that those differences between schools 

matter as those differences are responsible for producing and promulgating differences 

in student achievement as a factor of school size, the ethnic and racial composition of 

schools, and the proportion of students in poverty. Okpala, Smith, Jones, and Ellis 

(2000) and Perry and McConney (2010) also revealed that schools with a high 

composition of students of low socioeconomic status (SES) have lower levels of 

achievement in math and reading. In fact, research has indicated that when individual 

family backgrounds are controlled, the socioeconomic composition of schools remains a 

strong predictor of student achievement (Kahlenberg, 2001; Perry & McConney, 2010).  
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Teacher expectations of student performance and the type of curriculum 

provided are also influenced by the socioeconomic composition of schools (Gregory & 

Weinstein, 2008; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; 

Rumberger & Palardy, 2005; Strand, 2012). However, a highly cohesive school 

characterized by a supportive and inviting environment was found to mitigate the 

educational ills that are pervasive in large, urban, primarily minority schools (Stewart, 

2007). Thus, research on factors affecting student achievement, as reflected by 

standardized test scores, is clear; student achievement is a multifaceted outcome of an 

amalgamation of both student social background and systemic/institutional effects. The 

results of these differences are readily apparent in scores obtained from standardized 

measures that elucidate how educational attainment is a product of variables, most of 

which are beyond the control of the student.  

For example, an analysis of students results on the National Assessment of 

Educational Progress (NAEP) revealed that minority students attained significantly 

lower reported scores than their White or Asian/Pacific Islander counterparts while 

female students scored lower than their male counterparts and students from lower-

income households scored significantly lower than their peers from more affluent 

households (National Center for Education Statistics, 2012). Science proficiency 

particularly demonstrates this disparity in academic achievement (Gonzales, Williams, 

Jocelyn, Roey, Kastberg, & Brenwald, 2008; Florida Department of Education, 

2012b).Characteristics such as ethnicity, socioeconomic status, and gender have a 

significant influence on achievement scores in science.  
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While these student characteristics have been deemed influential on student 

achievement in science, current research has failed to investigate their impact on 

biology at the secondary level. Some studies have utilized biological content on 

assessments of scientific knowledge (along with questions from other branches of 

science), but there is a dearth of research about the extent that socioeconomic and 

other factors influence on biology achievement. The limited research available is dated, 

focuses on affective or metacognitive factors, only evaluates online instruction, or 

concentrates specifically on particular instructional strategies.  

However, researchers have largely ignored investigating these student 

characteristics possibly due to the assumption that since these student characteristics 

are influential in other branches of science and academic domains, they probably are 

influential in biology achievement. Therefore, a formal investigation would be futile and 

redundant. However, recent developments may have a significant impact on biology 

student achievement and are worth investigating.  

First, there has been an increase in the implementation of state-mandated high 

school biology assessments nationwide (Blazer, 2012), thus prompting the allocation of 

more fiscal and personnel resources to biology instruction. Other secondary science 

subjects have not received the same degree of increase in resources, so it could have a 

significant impact specifically on biology. Second, there has been an increase in the 

number of secondary minority and female science teachers (Wood, 2002), which may 

potentially increase female and minority students’ identification with and interest in the 

sciences.  
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Other significant developments include: the increased literacy rate of minority 

and low socioeconomic students (National Center for Education Statistics, 2011); 

increased allocation of fiscal resources and personnel to improve literacy outcomes 

(Golden, 2003; Winstead, 2011); the majority of high school students nationwide who 

take biology by their high school graduation (Blank, Langesen, & Petermann, 2007 ); an 

increase in the number of students taking advanced coursework in biology (Blank, 

Langesen, & Petermann, 2007; National Science Board, 2012); an increase in the 

number of minorities and low socioeconomic students enrolling in advanced science 

courses (National Science Board, 2012); the increased number of female secondary 

students opting for more advanced coursework in science (Moore & Slate, 2008); the 

increased number of certified biology teachers (Blank, Langesen, & Petermann, 2007); 

the increased number of science teachers with advanced degrees and full certification 

(National Science Board, 2012); the impact of the majority (93%) of biology teachers 

who teach in-field (National Science Board, 2012); the fact that more than half of 

secondary biology teachers who are female with 54% possessing a master's degree 

and more than 10 years teaching experience (Wood, 2002); a higher proportion of 

females undertaking biological collegiate coursework (National Science Foundation , 

2011; Sonnert & Fox, 2012); a higher representation of minorities obtaining bachelor's 

and master's degrees in science since 1989 ( National Science Foundation, Division of 

Science Resource Statistics, 2011); more women than men attaining undergraduate 

scientific degrees (National Science Foundation, 2012b ); and greater numbers of 

women earning doctoral degrees in the sciences since 2004 (National Science 

Foundation, 2011). These developments undoubtedly have some impact on student 
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achievement in biology, but the question remains of how influential socioeconomic and 

other factors are on student achievement. This is especially noteworthy due to the 

increased emphasis on biology achievement nationwide as measured by end-of-course 

tests instead of the reliance on comprehensive science assessments. This study was 

developed to address this gap in the empirical evidence base. 

It also seeks to address the paucity of research on the importance of reading 

proficiency for biology achievement, particularly at the secondary level. While numerous 

studies have been conducted on the importance of reading for comprehensive science 

assessments, only one to date has specifically addressed the role of reading on biology 

achievement. However, this study was conducted at the tertiary level, thereby 

underscoring the importance of secondary-level specific studies. Consequently, 

researchers are relying heavily on results obtained from comprehensive science 

assessments to make inferences on the influence of reading on biology achievement.  

While such inferences are not erroneous, each scientific discipline varies in its 

literacy demands, and the magnitude of reading’s influence on biology achievement at 

the secondary level has yet to be determined. The disparities in literacy demands and 

the degree of reading influence are particularly pertinent considering the need to 

develop appropriate professional development opportunities for teachers as well as the 

significant ramifications of assessment scores on school accountability. Thus, the intent 

of this study is to address the gaps in extant literature so that instructional leaders, 

administrators, teachers, stakeholders, and policymakers can make more informed 

decisions.  
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End-of-Course Assessments 

In the past most states utilized comprehensive assessments to satisfy school 

accountability requirements. Recently, more states have shifted from utilizing 

comprehensive exit exams that assess multiple subjects on a singular test, to end-of-

course (EOC) assessments that measure student mastery of course content (Center on 

Educational Policy, 2008; McIntosh, 2012). EOC assessments are comparable to the 

final exams that are completed at the end of a course, but they are statewide 

standardized tests (Blazer, 2012; McIntosh, 2012). Florida, for example, has moved 

from requiring 11th grade students to complete the Florida Comprehensive Assessment 

Test (FCAT) Science, which covers various science course content from grades 9 

through 11, to mandating that all students enrolled in biology I or an equivalent course 

complete the Biology EOC assessment in order to receive the course credit required for 

graduation. Twenty-two states administered EOC exams to students in associated 

courses as of spring 2012 (Blazer, 2012). Over the next 10 years, that number is 

expected to increase to 26 states (Blazer, 2012). The number of EOC assessments 

administered per state varies from 1 to 16, with Florida electing to implement five 

(Blazer, 2012; McIntosh, 2012).  

The nationwide popularity of EOC assessments is not without its detractors. 

Although the EOC movement is designed to connect course curriculum standards more 

closely with high school assessments so that students are increasingly prepared for 

postsecondary education or entry into the workforce, critics are concerned about the 

costs associated with statewide implementation and about the possibility of excessive 

testing in schools (Blazer, 2012). Other opponents include teachers' unions and 

advocates of students with special needs (McIntosh, 2012) who cite the 
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disproportionately negative effects of testing on subsets of the student population and 

the increasing consequential inequality between groups.  

For example, research has revealed that due to the increased accountability 

measures, Hispanics and African Americans have demonstrated smaller academic 

gains relative to White students, thus widening the achievement gap (Hanushek & 

Raymond, 2005). Research has also indicated that minorities pass the standardized 

tests required for graduation at significantly lower rates. According to Borg, Plumlee, 

and Stranahan (2007), "an average White student has a 65% probability of passing the 

FCAT graduation requirement on the first try as compared to a 34% probability for an 

identical African American student... An average Hispanic student has a 54% probability 

of passing on the first try—11 percentage points lower than an identical White student" 

(p. 712). Furthermore, research has also exposed that standardized testing in Florida 

has a disproportionate effect on African American and Hispanic students from low 

socioeconomic, less educated, and high mobility households who are less likely to 

satisfy graduation requirements than their higher socioeconomic, White, suburban peers 

living in educated households (Borg, Plumlee, & Stranahan, 2007). 

Failure to pass standardized tests can have lasting consequences.  Minority and 

low-income students who barely failed New Jersey's exit exam were more likely to drop 

out of high school (especially those students who failed on their first attempt) than 

students who barely passed (Ou, 2009). Papay, Murnane, and Willett (2010) found 

similar results.  Low income students from urban environments were more susceptible, 

on average, than their wealthier, suburban peers, to the effects of failing an exit exam. 

They are more likely to drop out of high school if they barely fail the assessment on their 
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first attempt than their peers who barely passed. McIntosh (2012) also revealed that 

high stakes testing affects 7 of every 10 public school students, particularly students of 

color (71% of African American and 85% of Hispanic students), English language 

learners (83%), and those of low socioeconomic status (71%) that reside in the 26 

states that administer or will implement exit exams. Thus these assessments are more 

commonplace in states that contain higher proportions of economically disadvantaged 

and minority students (Center on Educational Policy, 2008), so the consequences for 

these demographic groups are magnified.  

In Texas, EOC assessments serve as a graduation requirement for students 

enrolled in grade 9 during the 2011-2012 school year (Blazer, 2012). According to 

Blazer (2012), students would be required to pass four EOC assessments: English, 

mathematics, science, and social studies. In response to the adoption of this graduation 

requirement, superintendents from various districts testified at a Texas House Public 

Education Committee meeting that dropout rates might increase because students 

would believe that failing two or three EOC exams would make it impossible to catch up. 

In fact, 75% of students who failed their EOC assessments in spring 2012 were 

considered at risk of dropping out of school, according to the Texas superintendents 

(Blazer, 2012).  

Therefore, the increased focus on stronger accountability measured through 

standardized tests has  unintentionally  increased gaps in achievement and opportunity. 

Rather than narrowing the chasms between students of varying ethnicities and 

socioeconomic in student achievement and graduation rates (Hanushek & Raymond, 

2005), they are being exacerbated. Since graduation from high school is associated 
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with varied positive life outcomes, educational policymakers must understand the 

impact of high-stakes testing on high school completion (Papay, Murnane, & Willett, 

2010). 

Despite the legitimacy of these concerns, advocates of the EOC assessments 

have remained vocal. Higher education officials have supported the implementation of 

these assessments, citing the considerable time and costs associated with student 

remediation of incoming freshman who are unprepared for collegiate-level work 

(McIntosh, 2012). The business community supports assessments, contending that they 

help overcome the lack of basic skills that some recent graduates display in entry-level 

positions  (Center on Educational Policy, 2008; McIntosh, 2012). Other advocates of 

EOC assessments believe that these assessments are better predictors of success at 

the collegiate level and readiness for work than grades obtained in the classroom or 

comprehensive exit exams (Blazer, 2012).  

Research has substantiated some of these claims. According to Hanushek and 

Raymond (2005), research has indicated that since the introduction of accountability 

systems during the 1990s, student achievement, as measured by state achievement 

growth data from the National Assessment of Educational Progress (NAEP), has 

increased. This is particularly true for states that implemented consequential 

accountability earlier, as they exhibited more rapid gains in NAEP performance, 

particularly among Hispanic students (Hanushek & Raymond, 2005). Carnoy and Loeb 

(2002) also revealed that in states with strong state accountability, students averaged 

significantly greater gains across all groups on the 8th-grade math NAEP and also 
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achieved at higher levels of math than students in states with little or no accountability 

measures. 

Reasons cited for implementation of the EOC 

The purpose of implementing the EOC assessment varies according to state 

(Blazer, 2012). McIntosh (2012) suggests that some states adopt EOC exams in 

subjects other than English and math in order to evaluate teachers. As EOC 

assessments allow for easier associations between test scores and specific teachers, 

they serve as better gauges of teacher performance than other assessments (McIntosh, 

2012). McIntosh (2012) also hypothesized that EOC assessments afford greater 

flexibility at the secondary level since they can test a wide variety of course content that 

is a function of varied course selection by students. Hence, the connection between 

curriculum and instruction is improved compared to other kinds of assessments 

(McIntosh, 2012).  

In any case, states have reported that they use the assessment to determine 

student mastery of state standards or as a tool to identify students who are at risk of 

dropping out of school (Blazer, 2012; McIntosh, 2012). Others use the EOC results to 

calculate final course grades and or to require a passing score as a graduation 

requirement (Blazer, 2012; McIntosh, 2012; Zinth, 2012). In Florida, EOC assessments 

are criterion-referenced tests that measure student proficiency with the Next Generation 

Sunshine State Standards for specific courses and passing this assessment is a 

graduation requirement (Blazer, 2012).  

The implementation of the end-of-course assessments 

During the 2011- 2012 school year 25 states administered comprehensive or 

EOC exams on some variation of English language content and 23 assessed math 
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(McIntosh, 2012), but currently only 21 states are administering EOC assessments in 

biology (Blazer, 2012). The implementation of EOC assessments in science, specifically 

biology, is relatively new as past assessments focused primarily on reading and 

mathematics. This addition has been welcomed within the scientific community. 

Advocates of science education, such as Bybee (2010) campaigned for the equal 

treatment of science in education reform by pointing out how the No Child Left Behind 

act inadvertently reduced or eliminated science from some school programs (particularly 

at the elementary level) by failing to include science test scores as a significant part of 

computing adequate yearly progress.  

Student Performance on Standardized Science Tests 

Such shifts in priorities demonstrate how  Florida diverted resources and 

curriculum emphasis as a result of No Child Left Behind mandates regarding 

standardized test performance on mathematics and reading. Research has indicated 

that educators have diverted resources or increased funding to focus on reading and 

mathematics while neglecting non-tested subjects and reducing funding for gifted 

students (Darling-Hammond, 2006; Doppen, 2007, Golden, 2003, Marchant, 2004, 

Winstead, 2011). Research on the effects of school decisions to focus primarily on 

assessed subjects has also revealed: the inclusion of reading and mathematics in the 

subject-area classroom (Velde Pederson, 2007; Winstead, 2011); a reduction in 

instructional time for other subjects (Velde Pederson, 2007; (Winstead, 2011) a decline 

in resource availability for other subject areas; the allocation of additional periods of 

reading instruction to students who fail to attain proficiency on standardized tests; and 

decreased professional development in subjects other than reading and math 

(Winstead, 2011).  
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Thus, the extent to which those curriculum changes and diverted resources has 

affected biology achievement has not been documented. Such changes could 

potentially result in increased biology achievement due to improved student reading 

comprehension or a reduction in biology achievement due to loss of instructional time, 

resources, and professional development opportunities for teachers. Further research is 

needed to explore this outcome.  

The need for higher quality science instruction is readily apparent when 

reviewing U.S. student performance on various international and national assessments. 

One such assessment, the Trends in International Mathematics and Science Study 

(TIMSS), measures science knowledge and skills of fourth and eighth-graders 

internationally. TIMSS results in 2007 indicated that U.S. fourth graders ranked eighth 

out of thirty-five countries in science achievement and our eighth-graders eleventh out 

of forty-seven countries in 2007 (Gonzales, Williams, Jocelyn, Roey, Kastberg, & 

Brenwald, 2008). U.S. students also performed in higher percentages in each of the 

benchmarks regarding proficiency levels at both grade levels; thus there were 

proportionally more U.S. students who performed at the advanced level than the 

international mean and concurrently more U.S. students underperforming compared to 

the international mean (Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 

2008). When U.S. fourth- and eighth-grade student performance was compared over a 

twelve-year period (using data from 1995, 2003, and 2007), results indicated no 

significant change in student performance at both grade levels (Gonzales, Williams, 

Jocelyn, Roey, Kastberg, & Brenwald, 2008). 
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Another international assessment, the Program for International Student 

Assessment (PISA) measures scientific literacy of 15-year olds in select countries. U.S. 

students ranked number 23 among both 65 Organisation for Economic Co-operation 

and Development (OECD) and Non-OECD countries in 2009 (Fleischman, Hopstock, 

Pelczar, & Shelley, 2010). Only 29% of U.S. students scored at the literacy level 

associated with high order tasks such as "select[ing] and integrat[ing] explanations from 

different disciplines of science and technology" and "link[ing] those explanations directly 

to...life situations" (Fleischman, Hopstock, Pelczar, & Shelley, 2010, p. 26). Eighteen 

percent of U.S. students scored at a level considered below baseline level of proficiency 

in which "students begin to demonstrate the science competencies that will enable them 

to participate effectively and productively in life situations related to science and 

technology" (Fleischman, Hopstock, Pelczar, & Shelley, 2010, p. 26). Nevertheless, the 

average U.S. science literacy score increased between 2006 and 2009, although 71% 

of U.S. students in 2009 still fall within the category of low to moderate levels of 

proficiency in science (Fleischman, Hopstock, Pelczar, & Shelley, 2010).  

When the National Assessment of Educational Progress (NAEP) assessed the 

scientific knowledge of U.S. elementary and secondary students, , 65% of eighth-

graders performed at or above basic level, 32% at or above proficient, and 2% at or 

above advanced in 2011 (National Center for Education Statistics, 2012). When 

compared with results obtained in 2009, the percentage of students at or above basic 

and proficient levels increased by 2 points, although there was no significant change in 

the percentage of students performing at the advanced level (National Center for 

Education Statistics, 2012). 
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 Additionally, an examination of student results on the ACT indicates that the 

average ACT score in science has remained relatively stable since 2006 (ACT, 2010). 

Furthermore, only 29% of ACT-tested high school graduates in 2010 met the College 

Readiness Benchmarks score in science. Since 2006, the percentage of students who 

met the College Readiness Benchmarks in Science remained relatively stable with a 2% 

increase in 2010 from 2006 (ACT, 2010). 

When the results of all these assessments are collectively examined, one can 

readily identify the consistent underperformance of U.S. students in science. Although 

there are indicators of improvement, significant inroads need to be made in improving 

student achievement nationally. 

An examination of Florida's results on the NAEP reveals that although the state’s 

average 8th-grade science scores improved by 3 points from 2009 to 2011, the average 

score was below the national average by 3 points (National Center for Education 

Statistics, 2012). Furthermore, 72% of Florida's students were categorized as below 

basic or basic in science proficiency, with only 1% scoring at the advanced level 

(National Center for Education Statistics, 2012). Thus, the statistics paint a gloomy 

picture of student preparation for collegiate and science careers as well as overall 

improvement in the future general public’s understanding of science.  

These statistics also allude to the increased need to identify the student 

characteristics that play a significant role in affecting student achievement in science. 

Although the aforementioned assessments were not tied to school accountability 

indicators, they nevertheless suggest that  a significant proportion of Florida's students 

may not achieve the passing score required for graduation – assuming the student 
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performance on Florida's Biology end-of-course is relatively similar. Thus, it is essential 

to identify those students at risk of failing to meet Florida Department of Education's 

accepted standard of achievement in biology. 

 Therefore, although Florida’s education policy centers on improving student 

achievement by increasing the rigor, skills, and core content knowledge by the 

implementation of increasing number of standards and assessments, this assertion is, 

based on the research, highly improbable given the confluence of variables that impact 

on student achievement. However, since more changes can be made to teaching rather 

than altering students' personal characteristics or family circumstances; educational 

policy discussions will continue to remain focused on what is within a school's control. 

Therefore an investigation of the student characteristics that influence biology 

achievement is a timely one. It is essential that education personnel are aware of the 

role of select student characteristics, such as reading proficiency, ethnicity, 

socioeconomic status, and gender; that research has consistently shown to influence 

student achievement, and their impact on student achievement on the Biology I end-of-

course assessment.  

Statement of the Problem 

Due to the increasing high-stakes associated with student performance on the 

Biology I EOC assessments, schools need to be able to predict and determine the 

influence of student characteristics on student performance prior to the administration of 

the test. Although a significant number of studies in science, technology, engineering, 

and math (STEM) have produced viable answers, there is a paucity of research 

specifically on the predictors and differences in student achievement in biology 

specifically. Thus stakeholders are limited when making decisions about biology 



 

37 

education. By exploring four variables- reading proficiency, ethnicity, socioeconomic 

status, and gender- the researcher can address the gap in extant literature and 

stakeholders will be able to potentially make instructional changes that can improve 

student performance on the assessment and reduce achievement gaps.  

Such changes could have a profound impact on the success of individual 

schools.  Student outcomes affect a school's grade which determines whether it is 

considered high-performing and receives additional funding by the federal government. 

If it is labeled underperforming, it could eventually be closed or taken over. t As the 

Biology end-of-course assessments are tied to graduation sanctions, the graduation 

rate would also be affected by changes in biology achievement. Graduation rate is itself 

another accountability indicator which has a significant impact on schools. Moreover, 

the performance of students also serves as the primary basis for teacher evaluations 

(The Florida Legislature, 2010) and thus has significant ramifications on the recruitment, 

retention, and morale of highly qualified and skilled teachers, especially those teaching 

in high-poverty schools. 

Research Questions 

1. Is there a significant difference in student performance on the end-of-course 
assessment in biology associated with reading proficiency? After adjusting for 
student gender, race/ethnicity, and socioeconomic status, is there a significant 
difference in student performance on the end-of -course assessment in biology 
associated with reading proficiency? 

2. Is there a significant difference in student performance on the end-of-course 
assessment in biology associated with race/ethnicity? After adjusting for reading 
proficiency, student gender, and socioeconomic status, is there a significant 
difference in student performance on the end-of-course assessment in biology 
associated with race/ethnicity? 

3. Is there a significant difference in student performance on the end-of-course 
assessment in biology associated with socioeconomic status? After adjusting for 
reading proficiency, race/ethnicity, and student gender, is there a significant 
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difference in student performance on the end-of-course assessment in biology 
associated with socioeconomic status? 

4. Is there a significant difference in student performance on the end-of-course 
assessment in biology associated with gender? After adjusting for reading 
proficiency, race/ethnicity, and socioeconomic status, is there a significant difference 
in student performance on the end-of -course assessment in biology associated with 
gender? 

5. What are the best predictors of student performance on the biology end-of-course 
assessment? 

Statement of Hypothesis 

It was hypothesized that there will be a significant difference in student 

performance on the end-of-course assessment in biology associated with reading 

proficiency. It is hypothesized that students who are more proficient readers will score 

significantly higher than their less proficient peers on the Biology I EOC assessment. 

Furthermore, more proficient students will score significantly higher that their less 

proficient peers on the Biology I EOC assessment after adjusting for student gender, 

race/ethnicity, and socioeconomic status. 

It was hypothesized that there will be a significant difference between the 

race/ethnicity of a student and their performance on the end-of-course assessment in 

biology. It is hypothesized that students from Caucasian backgrounds will score 

significantly higher than those from other ethnic backgrounds. It is also hypothesized 

that students from Caucasian backgrounds will score significantly higher than those 

from other ethnic backgrounds after adjusting for reading proficiency, gender, and 

socioeconomic background. 

It was hypothesized that there will be a significant difference in student 

performance on the end-of-course assessment in biology associated with 

socioeconomic status. It is hypothesized that students from higher socioeconomic 
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backgrounds will score significantly higher than those from lower socioeconomic 

backgrounds. It is also hypothesized that students from higher socioeconomic 

backgrounds will score significantly higher than those from lower socioeconomic 

backgrounds after adjusting for student gender, race/ethnicity, and reading proficiency. 

It was hypothesized that there will be a significant difference in student 

performance on the end-of-course assessment in biology associated with gender. It is 

hypothesized that males will score significantly higher than females on the Biology I 

end-of-course assessment. It is hypothesized that males will score significantly higher 

on the end-of-course assessment in biology after adjusting for reading proficiency, 

race/ethnicity, and socioeconomic background. 

It was hypothesized that reading proficiency, ethnicity, and socioeconomic status 

will serve as significant predictors of student performance on the Biology end-of-course 

assessments. 

Significance of the Study 

The purpose of this study is two-fold. First, it seeks to determine how student 

performance is influenced by four variables--reading proficiency, ethnicity, 

socioeconomic status, and gender--and examines their impact on the results of the 

Florida Biology I EOC assessment at a Title 1 school. The study is intended as an initial 

source of feedback to instructional leaders, teachers, and administrators regarding the 

status of presumed achievement gaps based on student characteristics and it may 

prompt further discussion on institutional practices to alleviate those gaps. Second, it 

aims to predict student performance in biology. Thus, it aims to address the gaps in 

empirical studies regarding the student characteristics that impact biology achievement. 
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This study’s  findings will contribute to research on student achievement in 

biology and the effect of end-of-course assessments on graduation rates, school 

accountability indicators, professional development, and teacher evaluations. Previous 

research findings on many of these variables have been limited or nonexistent, and 

therefore this study can contribute to the existing literature. These findings may also be 

useful within the state of Florida and other states that have implemented or plan on 

implementing end-of-course science assessments instead of minimum competency 

based graduation tests. 

The majority of existing literature on student achievement in biology has focused 

on a single predictor. This study is unique in examining four variables simultaneously, 

each of which has been individually identified as very influential on student achievement 

in science. By including these four variables simultaneously, the model is capable of 

determining their cumulative effect on student achievement rather than focusing on and 

overemphasizing one variable.  

This study will analyze individual student scores while simultaneously controlling 

for other variables through adjusting. Undertaking this task is important as influential 

variables due to diverse student backgrounds (reading proficiency, ethnicity, 

socioeconomic status, and gender) intersect with each other. Thus the results of the 

study can be utilized as a source of insight in designing a comprehensive plan to 

address the achievement gap in science at the school-site level. 

Unlike other assessments of student performance in science—such as the 

National Assessment of Educational Progress (NAEP), Program for International 

Student Assessment (PISA), the Third International Mathematics and Science Study 
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(TIMMS), and FCAT Science— the Florida Biology I end-of-course assessment serves 

as the basis of not only school accountability, but also that of students and teachers. 

The previously adopted FCAT Science assessments were solely utilized to evaluate 

schools. These tests are not utilized by teachers to assign course grades and scores 

are not recorded on high school transcripts, so there is no motivation or incentive on the 

student's part to do well on such tests (unless they are concerned about the statewide 

prestige of their school and potential funding opportunities from governmental agencies) 

(Stansfield, 2011).  

However, this does not invalidate the usefulness of the other aforementioned 

assessments in providing data that clearly indicates discrepancies in student 

performance as a factor of ethnicity, socioeconomic standing, and gender at the state, 

national, and international levels. Thus, using data derived from the Florida Biology 

EOC assessment will serve as a useful tool for comparison with previous national and 

international findings to determine whether similar results will be replicated. 

Other studies have not made use of the state's reading assessment (FCAT 

Reading and FCAT 2.0 Reading) as the measure of reading proficiency. Thus for 

administrators and teachers within the state of Florida, this data is more familiar and 

readily accessible. Depending on the study’s outcome, this source of data can become 

more significant as a potential means of making initial decisions regarding student 

achievement in biology. Furthermore, the future of educational policy decisions by site 

administrators and district and state personnel may be potentially affected by outcomes 

of the study. 
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Finally, these findings have greater implications for the future of this nation and 

its ability to educate all students in a challenging manner that enables each student to 

obtain the knowledge and skills needed to become scientifically literate. The results can 

serve as one of many indicators to gauge trends in scientific proficiency, collegiate 

preparation, and the status of achievement gaps based on ethnicity, socioeconomic 

status, and gender. Thus, the results of this study can be used to determine 

instructional deficiencies, instructional practices, or systemic issues that contribute to an 

achievement gap so that stakeholders can potentially rectify such issues. Educators 

cannot afford to be cavalier about what student achievement data reveals about the 

degree of preparedness of our students for a more advanced technological society. It 

has dire consequences for our ability to compete globally in the future, and influences 

the degree to which an informed citizenry can contribute to the democratic process.  

There are additional  implications regarding national immigration and security policies. 

Limitations 

One of the study’s most important limitations is part of the nature of a causal-

comparative study. Causal-comparative studies aim to determine the cause for existing 

differences in the behavior or status of groups or individuals (Gay, Mills, & Airasian, 

2009). Because the cause is preexisting, the researcher has no control over the 

conditions of this ex post facto study and cannot draw cause-effect conclusions with any 

degree of confidence due to the lack of randomization and manipulation. Thus, the 

interpretation of findings in this study requires considerable caution. 

Additionally, the study’s use of convenience sampling means that the sample 

size is limited and not representative of either the demographic composition or the 

academic proficiency of students in the state of Florida. Furthermore, due to the use of 
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data obtained from a Title 1 school, the effect of school context on student achievement 

is not addressed by the study. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

A study on variables that impact student achievement on the Florida Biology end-

of-course assessment would not be complete without a review of related literature. Thus 

the following discussion will present an overview of research related to this study. The 

following subsections that comprise this chapter include: (a) Standardized Testing, (b) 

The Importance of Science Education, (c) Reading and Science Achievement, (d) 

Ethnicity and Science Achievement, (e) Socioeconomic Status and Science 

Achievement, and (f) Gender and Science Achievement. For purposes of this study, the 

literature review subsection on ethnicity will focus primarily on African American, 

Hispanic, and White populations as the researcher has elected to discuss the major 

demographic groups that are representative of the school under investigation. 

Standardized Testing 

According to Haladyna, Nolen and Haas (1991), standardized tests are 

universally and uncritically accepted by the public and many educators as a valid 

measure of educational accomplishment “and an increased perceived need to evaluate 

education at virtually all units of analysis (i.e., individuals, classes, schools, school 

districts, states, and even the nation)” (p. 3). These scores are considered “high stakes” 

because tangible consequences depend on them and they are used to: rank schools 

and their districts to bemoan the failure of education in newspapers, determine merit 

pay and make other personnel decisions by school district personnel, used to rate 

neighborhoods in terms of its “quality” by real estate agents, and rank states and their 

effectiveness on state and national levels; to name a few (Haladyna, Nolen & Haas, 

1991; Madaus & Russell, 2010; Wiliam, 2010). Thus, these high stakes tests are 
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probably going to remain a thing of the future as long as test scores remain the single 

most important index of educational effectiveness (Haladyna, Nolen & Haas, 1991). 

Although these high stakes assessments provide an insight into the academic 

achievement of students nationally and at the state level, no single standardized 

achievement test represents a complete mapping of the content of school achievement 

domain (Haladyna, Nolen & Haas, 1991; Madaus & Russell, 2010; Wiliam, 2010). Often 

test results are used without considering the complexity of achievement and its causes 

(Madaus & Russell, 2010). For example, attributing the level of achievement based on 

test scores to the influence of a single teacher, school, or school district erroneously 

oversimplifies the nature of the scores, thus contributing to the loathing of teachers and 

administrators toward standardized testing (Haladyna, Nolen & Haas, 1991). 

Furthermore, student achievement is a function of a variety of factors, of which only 

some are under the influence of schools (Haladyna, Nolen & Haas, 1991; Madaus & 

Russell, 2010; Qiu & Wu, 2011). Schools can influence the quality and quantity of 

instruction, motivation, and the learning environment but they have little to no effect on 

family and home environment, maturity, and mental ability (Haladyna, Nolen & Haas, 

1991).  

Test Pollution 

Typically in response to the high-stakes nature of standardized testing, test score 

pollution occurs. Test score pollution refers to factors affecting the truthfulness of a test 

score interpretation and is very pervasive in America (Haladyna, Nolen & Haas, 1991). 

The main sources of test pollution are: the way schools and its personnel prepare 

students for tests, test administration activities or conditions, and exogenous factors that 

are beyond the control of schools and school personnel (Haladyna, Nolen & Haas, 
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1991). Polluting practices include: teaching test-taking skills, preparing teaching 

objectives and developing a curriculum to match the test, using commercial materials 

specifically designed to improve test performance, presenting test items before the test, 

and interfering with response (e.g. giving hints or answers to students or altering 

response sheets). Other known conditions include students’ anxiety, stress, fatigue, and 

motivation which all impede student performance.  

In regards to exogenous factors, the reporting of test scores without 

acknowledging the influence of the family, family mobility, economic environment, 

proficiency with the English language, and other such factors results in the depiction of 

invalid inferences from the test scores (Haladyna, Nolen & Haas, 1991; Madaus & 

Russell, 2010). In fact, past research has documented the significant impact of student 

family background on test scores, in which single-parent backgrounds had a negative 

effect (Bankston III & Caldas, 1998; Pong, Dronkers, & Hampden-Thompson, 2003; 

Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Qiu & Wu, 2011; 

Rathbun & West, 2004), and increasing income and education levels were associated 

with positive effects (Bankston III & Caldas, 1998; Education Information and 

Accountability Services, 2009; Liu & Lu, 2008; Qiu & Wu, 2011; Rathbun & West, 2004; 

Woods, Kurtz-Costes, & Rowley, 2005). Therefore, the socioeconomic status of the 

student affects educational opportunities and accessibility to a variety of resources while 

simultaneously the home environment affects the degree of student aspiration in 

learning and interest in school (Qiu & Wu, 2011).  

Research has also indicated that the validity of standardized tests is always a 

source of concern as although they are carefully designed to measure predetermined 
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constructs, the readability of test items is often considered as a threat to the validity of 

the test (American Educational Research Association, American Psychological 

Association, National Council on Measurement in Education, 1999). Therefore, 

according to the Standards for Educational and Psychological Testing (American 

Educational Research Association, et al., 1999), the possibility that the test is assessing 

reading proficiency and reading comprehension in addition to its intended concepts, is 

increased if test items are not examined for readability and comprehension to the test 

takers. It is therefore recommended that "in testing applications where the level of 

linguistic reading ability is not part of the construct of interest, the linguistic or reading 

demands of the test should be kept to the minimum necessary for valid assessment of 

the intended construct" (American Educational Research Association et al., 1999, p. 

82). Thus, the length of sentences, selected vocabulary, and the direct nature of 

questioning should be relatively easy in communicating the construct so that student 

knowledge of the construct, not reading proficiency, is assessed (Visone, 2009). 

Florida Biology I End-Of-Course (EOC) Assessment 

According to Goodwin, Englert, and Cicchinelli (2003), the original purpose for 

outcome-oriented accountability systems is based on the assumption of improving 

schools by increasing academic performance for all students. This premise serves as 

the basis for the implementation of the Biology I end-of-course (EOC) assessment as 

part of Florida's Next Generation Strategic Plan (Florida Department of Education, 

2005a). This Next Generation Strategic Plan operates under the vision that "Florida will 

have an efficient world-class education system that engages and prepares all students 

to be globally competitive for college and careers" (Florida Department of Education, 

2005b) and which would be measured by EOC assessments. According to the Florida 
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Legislature (2012), the Florida Statutes state that, "the primary purpose of the student 

assessment program are to provide information needed to improve the public schools 

by enhancing the learning gains of all students and to inform parents of the educational 

progress of their public school children."  

The program was designed to satisfy six conditions: 1) to assess the learning 

aims of each student annually in achieving the Sunshine State Standards appropriate to 

the grade level of the student, 2) to provide data for school accountability and 

recognition so that schools can make decisions, 3) to determine the educational 

strengths and needs of students as well as their readiness to be promoted to the next 

grade level or to graduate from high school with either a standard or special high school 

diploma, 4) to determine how well educational goals and curricular standards are 

achieved at the school, district, and state level, 5) to provide information that can be 

used in the evaluation and development of educational programs and policies, and 6) to 

determine student performance in Florida against that of other students nationally (The 

Florida Legislature, 2012).  

One such assessment, the Biology I end-of-course assessment; was 

administered for the first time in May 2012 to students enrolled in biology I or an 

equivalent course to determine student proficiency with the Next Generation Sunshine 

State Standards (NGSSS) and expectations for student learning outlined in the course 

descriptions (Florida Department of Education, 2005a). Student performance during this 

academic year on the Biology I EOC would constitute 30% of the student's final course 

grade (The Florida Legislature, 2012). In addition to this and other student performance 

indicators, student performance contributed to the school's overall grade, and served as 
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the chief criteria for biology teacher evaluations (The Florida Legislature, 2010; 2012). 

For the first administration of the assessment, student achievement was categorized in 

achievement levels represented by thirds based on comparisons with other students in 

Florida that range from 1 (lowest third) to 3 (highest third) (Florida Department of 

Education, 2012i).  

During the 2012-2013 school year, all students entering grade 9 would be 

required to earn a passing score on the EOC assessment in biology to earn course 

credit (The Florida Legislature, 2012). This passing score indicated by obtaining a 

minimum scale score in Achievement Level 3, will be used to fulfill one of the 

requirements for high school graduation (Florida Department of Education, 2012f). 

Future test administrations starting during the 2012-2013 academic year will also have a 

similar effect on the overall school grade and teacher evaluations (The Florida 

Legislature, 2012). Thus this new current policy of science accountability will not only 

present a new set of challenges: one of which is due to the 9th grade reading level in 

which the test is written and its incorporation of short reading passages (Florida 

Department of Education, 2011c), and the historical differing levels of achievement as 

an outcome of the diversity of the student body; but also opportunities in science 

education.  

One such opportunity is the reduction in the achievement gap between 

subgroups of the student population (Penfield & Lee, 2010). Additionally, test-based 

accountability in science forces schools, districts, and states to ensure that the 

educational needs of all students, especially those in historically low-performing 

subgroups; are addressed (Penfield & Lee, 2010). Thus, this commonly overlooked 
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subset of the school population will be able to gain access to educational opportunities 

and the associated potential for careers in science, thus reducing inequalities already 

present within the educational sector. Last, science will be integrated within the school 

curriculum after traditionally being ignored in order to address the urgency associated 

with basic literacy and numeracy (Doppen, 2007; Penfield & Lee, 2010; Winstead, 

2011). Thus, additional resources and instructional time for science may now be 

potentially allocated by districts and schools (Penfield & Lee, 2010). 

Results of first administration of the Biology I EOC 

As previously discussed, student achievement levels for the May 2012 

assessment administration was categorized in thirds in which student T-scores were 

compared with other students in Florida (Florida Department of Education, 2012i). 

Scores ranged from 1 or lowest third to 3 or highest third. Of the 190,344 students who 

took the Biology EOC assessment in May 2012, 35% scored in the top third while 31% 

scored in the middle third and 34% the lowest third (Florida Department of Education, 

2012a). Using scores represented on the T-scale ranging from 20-80, the statewide 

mean was approximately 49 (Florida Department of Education, 2012a).  

Results of the assessment revealed that only 59% of students would have 

obtained a passing score on the assessment, of which 11% would score at mastery 

level 5, 11% at the above satisfactory level 4, 37% at the satisfactory level 3, 27% at the 

below satisfactory level 2, and 14% at the inadequate level of 1 (Florida Department of 

Education, 2012m). Furthermore, as student grade level increased (beginning with the 

7th grade and ending with 12th grade), the mean scale score for each grade level 

decreased. Thus 7th grade students had the highest mean scale score of 60 whereas 

their 11th and 12th grade counterparts obtained a mean scale score of 43 (Florida 
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Department of Education, 2012a). Additionally, as the student grade level increased, the 

percentage of students scoring in the top third decreased significantly (Florida 

Department of Education, 2012a). For example, at least 50% of students enrolled in 

grades 7,8, and 9 scored in the top third whereas less than 25% of 10th, 11th, and 12th 

grade students earned a comparable score (Florida Department of Education, 2012a). 

Furthermore, students enrolled in higher grade levels were disproportionately 

represented in the lowest third than their peers enrolled in lower grades (Florida 

Department of Education, 2012a).  

When the test results were further analyzed, certain patterns became apparent 

regarding ethnicity, socioeconomic status, and gender. According to Florida Department 

of Education (2012b), a greater percentage of Asian and White students scored in the 

top third than Black and Hispanic/Latino students. In fact, 58% of Asian and 45% of 

White students scored in the top third compared to 17% of Black students and 29% of 

Hispanic/Latino. Black and Hispanic students were also disproportionately represented 

in the lowest third. 53% of Black and 39% of Hispanic students comprised the lowest 

third compared with 23% of White students (Florida Department of Education, 2012b).  

When data was disaggregated regarding socioeconomic status, other trends 

surfaced. For each grade level, higher percentage of students who were ineligible for 

free or reduced lunch scored in the top third than eligible students (Florida Department 

of Education, 2012b). In fact, 23% of those eligible for free and reduced-price school 

lunch scored in the top third compared to 48% of those ineligible. Additionally, 45% of 

those eligible for free and reduced-price lunch scored in the lowest third compared to 

22% of those ineligible (Florida Department of Education, 2012b).  
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In terms of gender, simple patterns as well as the intersection of gender and 

ethnicity surfaced. For each grade level, higher percentage of males scored in the top 

third than females (Florida Department of Education, 2012b). When ethnicity was 

analyzed with gender, data revealed that only 16% of Black males compared to 47% of 

White and 31% of Hispanic/Latino males scored in the top third. Of those scoring at the 

lowest third, the majority were Black, specifically 55% of Black males compared to 39% 

of Hispanic/Latino, and 23% of White males (Florida Department of Education, 2012b). 

For females, 43% of White, 28% of Hispanic/Latino, and 18% of Black females scored 

in the top third compared to 23% White, 39% Hispanic, and 51% Black females scoring 

in the lowest third (Florida Department of Education, 2012b).  

Other science district administration results 

When the past academic performance for the North Florida school under 

investigation was examined during the 2010-2011school year, FCAT Science scores 

from the 137 11th graders, showed that the average mean scale score was 278, which 

is below the state average of 307 (Florida Department of Education, 2011a). While only 

26% of students scored at proficiency or higher compared to the state average of 40% 

at the North Florida school (Florida Department of Education, 2011a), student data 

indicates an increase in student performance by 9% from the previous 2010 spring 

administration (Florida Department of Education, 2010). 

This performance is not particularly surprising when the academic performance 

of the lower grades that feed into the North Florida high school is examined. According 

to Florida Department of Education (2012d), only 22% of students scored at proficiency 

or above compared to 46% of eighth grade students statewide during the 2012 

academic year administration of the 8th grade science FCAT 2.0.Results from the fifth-
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grade assessment also revealed that 26% of students scored at proficiency or above, 

compared to 51% statewide (Florida Department of Education, 2012c). 

 Thus the future students in the North Florida high school have underperformed 

in science in general when compared with the state and have also underperformed in 

the domains of the foundations of science and biological content (Florida Department of 

Education, 2012c, 2012d). Thus at the 5th and 8th grade level, students already exhibit 

a deficit in content area knowledge that serve as the background knowledge needed for 

more advanced understanding of biological content. What is concerning is that it is 

these students that will be tested upon their enrollment in biology I or an equivalent 

course at the secondary level, and their deficits in lower grades will serve as a detriment 

to their performance. 

Statewide, student performance in science as measured by the FCAT Science in 

grades 5, 8, and 11 has improved in the state of Florida between 2003 and 2011 

(Florida Department of Education, 2011). The percent of students scoring at proficiency 

and above levels at the fifth grade increased from 28% in 2003 to 51% in 2011, at the 

eighth grade level from 28% in 2003 to 46% in 2011, and from 33% in 2005 to 40% in 

2011 for eleventh graders (Florida Department of Education, 2011b). Despite 

improvements on this indicator, another indicator of student achievement in science fails 

to illuminate such improvements. According to the National Center for Education 

Statistics (2012), the 2011 data on 8th grade science performance indicates that 72% of 

Florida students scored at or below basic. Furthermore, the average score of Floridian 

8th graders did not change significantly between 2009 and 2011 and remained below 

the national average, resulting in Floridian students scoring below 37 other states 
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(National Center for Education Statistics, 2012). Therefore these indicators of student 

performance signify that nationally, and particularly in the state of Florida, that students 

are grossly unprepared for future science coursework or more advanced technological 

careers that will become increasingly commonplace in the future.  

Computerized Testing 

One form of test pollution that has been documented by empirical research which 

may skew the accuracy of Biology end-of-course assessments is the use of 

computerized testing. To address stakeholder concerns regarding computer-based 

assessments, Florida Department of Education (2006) published a paper on the 

empirical comparability of paper- and computer-administered assessments. According 

to Florida Department of Education (2006), test scores derived from computer-

administered and paper-administered tests are comparable. Although the state agency 

cited research that indicates that some students perform better on a computer-

administered test and others on its paper-based counterpart, the inconsistency was 

explained by highlighting the dissimilar computerized test administration systems 

(Florida Department of Education, 2006).  

Comparability of computer-based testing 

The state agency then further cited previous research studies, the majority 

(seven) of which indicate the comparability of test scores in biology attained via 

computer and paper-based administration, one citing computers as the more difficult 

administration mode (Cerillo & Davis, 2004), and three citing paper-based as more 

difficult (Russell, 1999; Russell & Haney, 1997, 2000). Pomplum, Ritchie, and Custer 

(2006) revealed that students eligible for free lunch performed better on paper-and-

pencil tests. However, the discrepancy in scores between paper-and-pencil tests and 
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computerized tests decreased as student grade level increased. Pomplum, Ritchie, and 

Cruster (2006) explained that this reduction in the score discrepancy may be due to 

increased student familiarity with computers at each grade level. Despite this result, this 

study has limited applicability to the Biology 1 end-of-course assessment as the 

participants were enrolled in the lower grades at the elementary level where reading 

proficiency serves as a confounding variable due to the age of the participants.  

Russell (1999) and Russell and Haney (2000) however, focused on computer-

based administration of open-ended test questions; a format that is not utilized in the 

Biology end-of-course assessment; thus both studies are not applicable. On the other 

hand, Russell and Haney's 1997 study focused on the comparability of computer and 

paper-and-pencil test administration on multiple choice test items and revealed that the 

mode of administration is inconsequential. Mead and Drasgow's (1993) meta analysis of 

29 studies also found no significant difference between paper-based and computer-

based test administration of multiple-choice tests, particularly for timed power tests such 

as the Biology I end-of-course assessments.  

More recent studies however have indicated the equivalence in student 

performance on online and paper-based tests (Escudier, Newton, Cox, Reynolds, & 

Odell, 2011; Frein, 2011; Horne, 2007; Kingston, 2009). Research has also indicated 

that some students have performed better in the online medium, completed more 

questions, and the majority of students expressed a preference for the online medium 

(Escudier, Newton, Cox, Reynolds, & Odell, 2011; Frein, 2011; Horne, 2007). According 

to Kingston (2009), the discrepancies in studies on the comparability of computer-based 

and pencil-and-paper tests may be partially due to the changes in the quality of 
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computer-based test administration systems as well as the computer experience of 

students.  

For example, older computer systems required that students scroll up and down 

and from side to side to read an entire passage or large item which made the computer 

platform less user-friendly and more difficult. Newer systems however, have minimized 

scrolling of stimuli to a single dimension at most and the majority of newer systems 

avoid the scrolling of items (Kingston, 2009). According to Kingston (2009), reading 

from a page is different than reading while scrolling as while reading a page, spatial 

memory clues are used in which students remember seeing information regarding a 

particular question in a specific location on a page. Therefore, the student can quickly 

return to that spot to find the information. However, in a traditional computer-

administered system, these parallel clues are unavailable as the spatial frame of 

reference is changed while scrolling. Thus some newer systems enable students to 

highlight text as they read or provide other cues that reduce score differences due to 

task differences (Kingston, 2009).  

Other empirical evidence on computerized testing 

Other factors that were examined empirically in the Florida Department of 

Education (2006) publication include: student preference for computer-based testing, 

inconclusive evidence regarding student computer experience and its effect on 

academic performance, no gender-based comparability differences, and text 

presentation and slow response times due to internet connection speed or school 

network constraints has a negative effect on comparability (Florida Department of 

Education, 2006). However, caution must be employed when examining student results 

from the empirical analysis that was used as the basis of the decision making process 
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employed by the Florida Department of Education (2006) because a paucity of empirical 

research exists specifically regarding biology multiple choice test items, some of which 

contain long passages, that are timed and non-adaptive. Most research regarding 

computer-based assessments fail to focus on the specifics regarding this type of 

assessment although the test is considered high stakes.  

Computer platform for the Biology EOC 

In fact, the Biology I end-of-course assessment provides the highlighting function 

for students in addition to other tools such as: a "reset" button that removes the selected 

answer, a "review" button that enables the student to flag a question for review at a later 

time, a "go to" button that allows the student to access the question marked for review 

on the item review screen, an "eliminate choice" tool that enables the student to cross 

out answer choices deemed incorrect, an eraser tool to remove highlighting or remove 

an X from an eliminated answer choice made with the eliminate choice tool, a 

calculator, and a help button (Pearson Education, 2013).  

To further ensure that students are not negatively impacted from the 

computerized platform, students are also provided four-page, hard-copy work folders as 

scratch paper (Florida Department of Education, 2012i). Students also can utilize the 

practice test available online to gain familiarity with the software (Florida Department of 

Education, 2012i). For students at a disadvantage, paper-based testing is available for 

students with disabilities based on their Individual Educational Plans (IEPs) or Section 

504 plans (Florida Department of Education, 2012i). Thus, concessions have been 

made by the Department of Education to ensure that scores are representative of 

student proficiency by: allowing students who need the alternative option are provided 

with paper-based testing; and that those that are not only familiar with the software, an 
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option to gain familiarity with it, while ensuring that the software utilized is user-friendly 

and contains tools that minimize the change in testing format.  

The Importance of Science Education 

Second only to a weapon of mass destruction detonating in an American 
city, we can think of nothing more dangerous than a failure to manage 
properly science, technology, and education for the common good over the 
next quarter century (The United States Commission on National 
Security/21st Century, 2001a, p. 30). 

The aforementioned quote from the United States Commission on National 

Security/21st Century underscores the Commission's view of education as critical to 

ensuring the nation's security and its future. That perspective has become increasingly 

prominent due to the September 11, 2001 attacks in which the strategic role of science 

and technology in the post-Cold War era has changed (National Science Board, 2004). 

Of concern has been the role of foreign students, scientists, and engineers within the 

United States science and engineering system; determining the appropriate degree of 

balance between security and openness within scientific communication; the degree of 

contributions that research and development are capable of making in domestic 

security; and the course of federal research and development initiatives (National 

Science Board, 2004). 

Thus, in order to sufficiently meet the scale and nature of scientific and 

technological advances in society, the need for human capital is critical (The United 

States Commission on National Security/21st Century, 2001b; Trefil, 2008). 

Furthermore, the ability of Americans to compete globally is highly dependent upon their 

knowledge of science and math and their ability to apply this knowledge to emerging 

technologies (U.S. Department of Education, 1989). Thus, to be competent, citizens and 

workers require a sound understanding of science and mathematics (National Science 
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Board, 2004; Trefil, 2007; 2008). Science and mathematics are considered essential to 

the decisions made regarding jobs, use of resources, health, and everyday activities of 

consumers (U.S. Department of Education, 1989). Furthermore, the products, services, 

standard of living, and economic and military security needed to sustain Americans at 

home and globally will be derived from mathematics and the sciences (National 

Commission on Mathematics and Science Teaching for the 21st Century, 2000). 

Consequently, in an integrated and global economy, math and science will serve as the 

core forms of knowledge that are required by innovators, producers, and workers to 

solve unforeseen problems and determine America's future (National Commission on 

Mathematics and Science Teaching for the 21st Century, 2000; Trefil, 2007). 

Reasons Cited for Shortage in Science Personnel 

However, despite this need for the highest quality human capital in science, 

mathematics, and engineering by the nation, it is currently not being met by the 

educational system (The United States Commission on National Security/21st Century, 

2001b). This system operates under the notion that the elementary and secondary 

schools are ensuring that students acquire knowledge in science and mathematics 

(National Science Board, 2004). One reason cited as contributing to this problem of an 

unprepared citizenry is the view that the American K-12 educational system fails to 

prepare students as it should for college or the commercial sector system (The United 

States Commission on National Security/21st Century, 2001b) due to the minimization of 

science and mathematics instruction, particularly in the early grades, and the lack of 

qualified personnel in these content areas in teaching positions (U.S. Department of 

Education, 1989).  
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Additionally, the lack of importance placed on education, according to 

Christensen, Horn, and Johnson (2011), can be partially understood when one 

understands the effect of prosperity on the nation. The authors explained that the 

educational malaise that is affecting this nation is in part, due to the country’s stability 

and prosperity (Christensen, Horn, & Johnson, 2011). For students residing in a 

developing country that is becoming an increasingly industrial-based economy, studying 

subjects such as science, math, and engineering offer rewards in which the individual 

can escape from poverty. The freedom that results from living in a prosperous nation 

results in students having greater freedom to study subjects they find fun and 

intrinsically motivating. This proposed explanation appears fitting based on results of 

surveys that indicate that positive student attitudes toward science (Gibson and Chase, 

2002; U.S. Department of Education, 1989) and mathematics decline as students 

advance in coursework (U.S. Department of Education, 1989). Additionally, most 

parents and students subscribe to the notion regarding the unimportance of science and 

mathematics for the majority of students and that high achievement in these content 

areas are due to factors other than effort and hard work (U.S. Department of Education, 

1989).  

Catalyst for the Improvement of Science Education 

This may, in part, explain why the percent of students scoring at proficiency 

levels in science decreases from the 4rth to the 12th grade (National Science 

Foundation, 2011) and why foreign students account for 57% of all doctorates in 

engineering, 54% in computer science, and 51% in physics (National Science 

Foundation, 2012a). Moreover, of the 5 million degrees earned in science and 

engineering worldwide, 23% of those were obtained by students in China, 19% from 
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those in the European Union, and only 10% within the United States (National Science 

Foundation, 2012a). China, in fact, has awarded the most number of doctoral degrees 

in natural sciences and engineering since 2007, thus overtaking the United States as 

the world leader (National Science Foundation, 2012a). 

Consequently the dissatisfaction of parents, policymakers, legislatures, and 

educators regarding mathematics and science underachievement, has resulted in 

numerous efforts to both reform and improve schools (National Science Board, 2004). 

National effort had been galvanized since the appearance of Sputnik to improve 

mathematics and science education (National Commission on Mathematics and 

Science Teaching for the 21st Century, 2000). The publication of A Nation At Risk urged 

greater accountability of schools, as well as higher academic standards, and better 

teacher preparation as a means of improving schools (National Commission on 

Excellence in Education, 1983). Other reports and commissions thereafter established 

lofty goals, such as stating that by the year 2000, U.S. students would rank "first in the 

world in science and mathematics achievement" by strengthening math and science 

education in early grades, increasing the number of math and science teachers with 

substantive backgrounds in those fields by 50%, and significantly increasing the number 

of U.S. undergraduate and graduate students with degrees in math, science, and 

engineering; especially women and minorities (U.S. Department of Education, 1989). In 

response to this announcement, the National Commission on Mathematics and Science 

Teaching for the 21st Century announced in 2000 that U.S. students were 

"devastatingly far from this goal by the time they finish high school" (p. 10).  
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According to American Association for the Advancement of Science (AAAS) 

Project 2061 (1990), two disparate and growing public concerns have motivated the 

majority of education reports in the 1980s. One such concern is the seeming decline of 

America's economy. When the domestic affluence and international power, as evident in 

scientific and technological domination of America is compared with other countries, 

particularly Japan; they appear to be weakening. The other concern is based on trends 

in U.S. public education that include low test scores, the avoidance of mathematics and 

science by students, a weakened teaching staff characterized by demoralization, a 

comparatively low learning expectation with other technologically advanced nations, and 

the ranking of U.S. students near the bottom in mathematics and science on 

international studies. Both the reports and coverage by the mass media of such reports 

have highlighted the deficiencies in education, and thus the nation became aware of the 

crisis in American education. However, the most powerful argument to improve science 

education is its role in "liberating the human intellect" although much of the public 

discussion has been focused on more tangible, utilitarian, and immediate explanations 

(American Association for the Advancement of Science (AAAS) Project 2061, 1990). 

School reform thereafter became increasingly strengthened under the Federal 

No Child Left Behind (NCLB) Act of 2011 in which school accountability measures were 

implemented by requiring that schools demonstrate progress in student achievement in 

core subject areas using high-stakes testing to measure learning. The act specified to 

each state, the immediate development of standards in math and science by the 

academic year 2005. Furthermore, the NCLB Act mandates students in grades 3 

through 8 to be assessed every year beginning in the 2005 academic year for math and 
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2007 for science. Sanctions will be imposed on schools that fail to show improvement in 

student achievement for all students after they initially received assistance (No Child 

Left Behind Act of 2001, 2002). 

Despite such attempts, U.S. students continued to perform poorly in both science 

and mathematics. In his attempt to address the underachievement of American students 

in math and science, President Obama instituted the first of two White House Science 

Fairs as a means of fulfilling his commitment to improve American student performance 

from the middle to the top of the pack over the next decade (The White House, Office of 

the Press Secretary, 2010). The President also indicated the importance of Science, 

Technology, Engineering, and Math (STEM) education in providing the new foundation 

that will determine America's future prosperity (The White House, Office of the Press 

Secretary, 2010). In order to achieve this goal, his administration allocated $ 4 billion to 

Race to the Top (RTT) initiatives in which states were empowered to develop a 

comprehensive strategy to improve student achievement in STEM subjects, especially 

for women and underrepresented minorities (The White House, Office of the Press 

Secretary, 2010).  

This decision by the Obama administration to allocate fiscal resources to address 

the issues of student underachievement in science represents one of many attempts by 

the federal government to improve the science performance of American students (U.S. 

Department of Education, 2004). This underperformance of American students was 

significant enough to warrant a statement within the 2011 State of the Union address 

(The White House, Office of the Press Secretary, 2011) and is viewed as limiting the 

nation's ability required for global economic leadership as well as homeland security in 
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the 21st century (U.S. Department of Education, 2004). Thus, America's children are 

viewed as failing to adequately respond to the challenges for the 21st century but its 

potential as well (National Commission on Mathematics and Science Teaching for the 

21st Century, 2000). 

Reading and Science Achievement 

Of the many challenges within the education sector, the proficiency level of U.S. 

students in reading is a disconcerting one. Considering that reading is a requirement on 

assessments, one can reasonably assume that reading proficiency can impact test 

scores. What remains unclear is whether test scores are affected by student inability to 

understand the question being asked or in the case of an incorrect response, whether 

the reason is due to lack of knowledge or an inability to comprehend the test item 

(Homan, Hewitt, & Linder, 1994). 

Importance of Reading 

Of the many indicators of reading proficiency at various grade levels, U.S. 

students have consistently engaged in paltry performance (ACT, 2010; College Board, 

2011; Cromley, 2009; Fleischman, Hopstock, Pelczar, & Shelley, 2010; Florida 

Department of Education, 2012e; National Center for Education Statistics, 2011; 

Torgesen, 2006). Considering such dismal student performance on fundamental 

literacies, it is feasible to state that the majority of high school students and graduates 

are lacking the reading skills needed to successfully traverse the Information Age as 

well as navigate content area learning. Furthermore, it is argued that basic skills are no 

longer sufficient to successfully navigate the post secondary world (Meltzer, Cook 

Smith, &Clark, 2002) and consequently multiple indicators of student performance such 

as the criticisms of employers, standardized test scores, standards-based assessment 
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results, and the 2011 NAEP (National Center for Education Statistics, 2011) paint a 

melancholy picture on the competencies of our students.  

Strong literacy skills are necessary for adolescents to navigate the world, 

communicate effectively, understand academic content, and partake in cultural 

communities (Meltzer, 2001). This concept was held by one of the greatest lyricist of 

American Democracy, Thomas Jefferson, who noted the direct relationship between 

literacy, citizenship, and successful self-government. Good citizenship, in his opinion, 

was not capable without the knowledge and discernment that accompany literacy. In 

addition to participating in society, literacy enables the individual to access opportunities 

for economic vitality, and individual or personal fulfillment. Although various cultural and 

language minority groups have rich written and verbal literacy indicated in research, the 

lack of literacy in the larger society fails to create equal opportunities of access to 

resources in that society and consequently to the privileges, rights, and responsibilities 

of American citizenship in a democratic society (Meltzer, Cook Smith, & Clark, 2002).  

Literacy Rates of American Students 

An examination of various assessments reveals that in general, literacy levels of 

all subsets of the school population is low, and particularly among certain subsets. For 

example, one test, the ACT, defines "college readiness" as the probability of students 

earning a grade of "C" or higher at 75% or a 50% chance of earning a B or higher in 

first-year college courses such as College Algebra; English Composition; History, 

Psychology, Sociology, Political Science or Economics; and Biology (ACT, 2010). Of the 

2010 ACT-tested high school graduates, only 24% met all four ACT College Readiness 

Benchmarks- thus only 24% of students were academically prepared for first-year 

college courses such as College Algebra, English Composition, social sciences, and 
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Biology (ACT, 2010). Of the students who completed the 2010 examination, only 62% of 

White, 61% of Asian, 34% of Hispanic, and 21% of African American high school 

graduates met College Readiness Benchmarks in Reading. Thus, the access to 

economic vitality obtained through obtaining a undergraduate degree is differentially 

available to students due to academic performance in reading and its effect on 

subsequent collegiate course grades. 

Other academic indicators paint a similar picture of general paltry performance in 

reading and differential performance based on ethnicity, gender, and socioeconomic 

status. The SAT, which is a predictor of student performance in college; indicates that 

the average reading score has dropped since the 1986-1987 administration (U.S. 

Department of Education, National Center for Education Statistics, 2012). Since the 

1986 administration, White students consistently perform higher than the average score 

while their Black and Hispanic counterparts score lower than the average (U.S. 

Department of Education, National Center for Education Statistics, 2012). Specifically, 

the average score of Black (428) and Hispanic (451) students was lower than the 

national average (497) on SAT critical reading although their White (528) and Asian 

(517) peers scored higher (College Board, 2011). Furthermore, as family incomes 

increased, the average score on the critical reading section also increased (College 

Board, 2011).  

The poor academic performance of high school students however, is not 

unforeseen when one considers the performance of students at the elementary level. 

According to the National Center for Education Statistics (2011), since 2007, 67% of 

students were scoring at the basic level. When eighth graders were assessed, the 
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percent of students scoring at basic levels increased to 76% (National Center for 

Education Statistics, 2011). Therefore since 2007, student performance at the fourth-

grade level has remained relatively unchanged, thus the majority of the students 

continue to lack proficiency in reading. At the eighth-grade level, even greater numbers 

of students are failing to demonstrate proficiency. 

Trends in Student Literacy 

Despite this alarming trend, students from high- and lower-income families 

increased academic performance (National Center for Education Statistics, 2011), thus 

there is some improvements on academic gauges worth celebrating. When 

disaggregated, certain trends become readily apparent. Students who read more often 

score higher than their peers who read less often (National Center for Education 

Statistics, 2011). Additionally, students who scored above the 75th percentile were 

predominantly White (71%) and read for fun almost every day (60%). For students who 

scored below the 25th percentile, 38% read for fun almost every day and 74% were 

eligible for free/reduced lunch (National Center for Education Statistics, 2011).  

Another readily discernible trend is the difference in achievement obtained by 

students of different ethnicities. For example, the mean score of White fourth-grade 

students (231) was higher than Black (205) and Hispanic (206) students in 2011 

(National Center for Education Statistics, 2011). When the performance of fourth-grade 

Black students was further examined, 84% of Black students scored below or at the 

basic level. When compared with their White counterparts, only 57% scored below or at 

the basic level (National Center for Education Statistics, 2011). Thus Black fourth-grade 

students accounted for proportionately higher levels of students scoring at or below 

basic levels. They also accounted for proportionately lower levels of students scoring at 
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advanced levels when compared with their White counterparts. At the eighth-grade 

level, similar results in performance were also revealed (National Center for Education 

Statistics, 2011). Other discernible trends regarding socioeconomic status were also 

revealed. When socioeconomic status data was also analyzed at both grade levels, 

students eligible for free lunch scored significantly lower than those eligible for reduced-

price lunch and lower than those not eligible (National Center for Education Statistics, 

2011). 

International comparison of student literacy 

When viewed internationally, U.S. 15 year-old students obtained an average 

score of 500 on the combined reading literacy scale, higher than the 493 OECD 

average (Fleischman, Hopstock, Pelczar, & Shelley, 2010). Although this may indicate 

that students are performing at relatively proficient levels, when compared with other 

countries, 15 OECD and non-OECD countries earned higher average scores. 

Furthermore, only 30% of U.S. students scored at or above proficiency in locating and 

organizing "several pieces of embedded information", "interpreting the meaning of 

nuances in language", "understanding and applying categories in an unfamiliar context", 

and demonstrating "an accurate understanding of long or complex tests whose content 

or form may be unfamiliar" (Fleischman, Hopstock, Pelczar, & Shelley, 2010, p. 10).  

Trends in student literacy in Florida 

Specifically in the state of Florida, the State Board of Education established new 

Achievement Level standards for FCAT 2.0 Reading on December 19, 2011 (Florida 

Department of Education, 2012e). Florida Comprehensive Assessment (FCAT) 2.0 is 

considered to be more demanding in its content standards and more rigorous in its 

achievement standards than the former FCAT version of the Reading test (Florida 
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Department of Education, 2012e). Consequently, the scores reported are different from 

previous scales for the 10th grade assessment. In response to the change, new 

Achievement Levels were developed as follows for all FCAT 2.0 and EOC 

assessments: 

 Level 5: Students at this level demonstrate mastery of the most challenging 
content of the Next Generation Sunshine State Standards.  

 Level 4: Students at this level demonstrate an above satisfactory level of success 
with the challenging content of the Next Generation Sunshine State Standards.  

 Level 3: Students at this level demonstrate a satisfactory level of success with 
the challenging content of the Next Generation Sunshine State Standards.  

 Level 2: Students at this level demonstrate a below satisfactory level of success 
with the challenging content of the Next Generation Sunshine State Standards.  

 Level 1: Students at this level demonstrate an inadequate level of success with 
the challenging content of the Next Generation Sunshine State Standards. 
(Florida Department of Education - Office of Assessment, 2012j). 

In its first year of implementation, only 51% of 10th grade students scored at 

proficiency or above on the FCAT Reading 2.0 assessment (which is considered level 3 

or higher) (Florida Department of Education, 2012e). Specifically, 20% scored at level 1 

(inadequate level of success), 30% at level 2 (below satisfactory), 22% at level 3 

(satisfactory level), 19% at level 4 (above satisfactory), and 10% at level 5 (mastery of 

most challenging content) (Florida Department of Education, 2012e).  

Therefore, one can derive a general consensus that on scales of a statewide, 

national, and international level, American students are failing in disproportionate 

numbers to achieve basic literacy skills regardless of years spent in formal education. 

This failure to successfully navigate basic literacy skills has dire consequences on 

content area learning. Although content areas vary in their literacy demands (Grossman 

& Stodolsky, 1995), the areas of knowledge and skills necessary to advance literacy 
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between grade 4 and 12 include: a) automaticity of word recognition, b) the dramatic 

expansion of vocabulary, c) the growth of conceptual knowledge and understanding, d) 

the increase of thinking and reasoning skills, e) the development of self-regulated 

reading comprehension strategies, and f) the acquisition or maintenance of a motivation 

and interest in broad and deep reading (Torgesen, 2006). 

Results of Research on Reading Proficiency and Science Achievement 

Currently, a limited number of studies exist regarding reading proficiency and its 

subsequent effect on science proficiency, yet assessments and activities in science 

generally require that students read text (Norris & Phillips, 2003; Yore, Bisanz, & Hand, 

2003). Furthermore, students may fail assessments due to their inability to read or 

understand the test, and not because of lack of knowledge with the content (Roe, 

Stoodt, & Burns, 1991). Studies on reading and science achievement generally fall into 

one of three categories: a few correlational studies, research on language-based 

science instruction, and research on the comprehension of science text (Cromley, 

2009). However, despite the available research on the impact of reading on science 

achievement, only one study to date has specifically investigated the impact of reading 

proficiency on biology achievement. Thus researchers are relying primarily on results 

obtained from comprehensive science assessments to make plausible inferences 

regarding the influence of reading proficiency on biology achievement.  

The only study that focused primarily on biology content by Haught and Wall 

(2004) of 730 medical school students revealed an interesting finding. The methodology 

involved participants completing the Nelson-Denny Reading Test that assesses reading 

vocabulary, reading comprehension, and reading rate. Prior scores on the Medical 

College Admissions Test (MCAT) that included a verbal reasoning and biological 
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science section were collected. Results from the study reported that the Nelson-Denny 

Reading Test and its 3 sections were significant predictors of MCAT verbal reasoning. 

The vocabulary portion of the Nelson-Denny Reading Test was positively correlated 

with the MCAT biological science score (r = 0.27, p < .01), the MCAT verbal reasoning 

score, (r = 0.53, p < .01), and the United States Medical Licensing Examination 

(USMLE) score (r = 0.14, p < .01).  

An increase in the vocabulary score on the Nelson-Denny Reading Test was 

commensurate with an increase in the MCAT and USMLE exam scores. The 

comprehension portion of the Nelson-Denny Reading Test was positively correlated 

with the MCAT biological science score (r = 0.12, p < .01) and the MCAT verbal 

reasoning score, (r = 0.41, p < .01). The total reading portion of the Nelson-Denny 

Reading Test was also positively correlated with the MCAT biological science score (r = 

0.23, p < .01) and the MCAT verbal reasoning score, (r = 0.56, p < .01). Additionally, 

reading vocabulary was a significant predictor variable of MCAT biological science 

scores. Therefore, vocabulary, among all other variables in the study, served as the 

most significant predictor of scores on other assessments such as MCAT and USMLE 

as well as proficiency in the biological sciences. This finding, while consistent with other 

reports using comprehensive science assessments, were not replicated in most studies 

of reading proficiency and general science achievement. 

A cursory examination of anecdotal evidence of reading and biology 

assessments reveals a pattern of reading scores being relatively similar to biology 

scores. For example, on the SAT Biology subject test, out of a possible 800, the 

average score was 604 for the Ecology focus and 635 for the Molecular focus (College 
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Board, 2011). Of students who took those subject tests, the average score on the 

critical reading section was 596 and 609, respectively out of a possible 800 (College 

Board, 2011). Despite the relative similarity in scores from an observational account, a 

limited number of studies have used statistical methods in a more objective manner. 

Visone (2009) investigated the relationship between reading and science 

achievement on a standardized test. Results indicated a moderate-to-strong positive 

relationship between the variables, with a range from 0.41 to 0.74. Another study by 

Visone (2010) sought to determine the reading issues associated with a standardized 

test in science by analyzing the self reports of 11th grade students. Qualitative results 

revealed that some of the science questions contained too much information that served 

to distract the students from their purpose, the use of sophisticated vocabulary, failure 

to understand scientific terminology or concepts, lack of background knowledge 

(Visone, 2010).  

Maerten-Rivera, Myers, Lee, and Penfield (2010) revealed that reading and 

mathematics accounted for 58% of the variation in science achievement among 

student-level factors. According to the researchers, for every one-unit increase in 

reading achievement, a resulting average increase of 0.51 points occurred in science 

performance. Additionally, reading performance accounted for 25% of the variation in 

science achievement (Maerten-Rivera, Myers, Lee, & Penfield, 2010). Romance and 

Vitale (2008) reported an increase in student achievement on both the Iowa Test of 

Basic Skills comprehension subtest and the MAT science achievement test by 

increasing science content knowledge through reading, writing, inquiry, and discussion 

without any explicit instruction in vocabulary or comprehension strategies.  
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Other increases in science achievement have also been identified due to the 

implementation of broad reading interventions in which students are instructed in 

reading strategies, vocabulary, background knowledge, and writing (Fang & Wei, 2010; 

Guthrie, Wigfield, Barbosa, Perencevich, Taboada, Davis, Scafiddi, &Tonks, 2004; 

Reaves, 2000; Shymansky, Yore, & Anderson, 2004; Vitale & Romance, 2012; Yore, 

Bisanz, & Hand, 2003). When the results of these two studies are analyzed, it is 

therefore not startling that Dempster and Reddy's (2007) study revealed that science 

performance is relatively dependent on reading skills.  

One study, conducted by O'Reilly and McNamara (2007) examined how well 

science knowledge, reading skill, and reading strategy knowledge predicted science 

achievement. Using data from 1,433 students, they revealed that the correlation of 

science knowledge and reading skill was 0.577. Additionally, science knowledge, 

reading skill, and reading strategy knowledge accounted for 36% of the variance in 

answers to multiple-choice questions, with reading skill and science knowledge 

contributing significantly to the model. The model of science knowledge, reading skill, 

and reading strategy knowledge also contributed to 46% of the variance in which 

reading skill and science knowledge served as significant predictors in the model. 

Reading strategy knowledge however was not significant.  

Thus, reading skill and science knowledge served as significant predictors of 

science achievement (O'Reilly & McNamara, 2007). Reading skill also significantly 

improved science proficiency for students with low levels of science knowledge so that 

they scored as high or higher than their less skilled, higher knowledge readers; thus 

compensating for low knowledge (O'Reilly & McNamara, 2007). For higher knowledge 
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students, a high level of reading skill significantly improved science achievement 

(O'Reilly & McNamara, 2007). 

Another study conducted by Medina and Mishra (1994) examined the 

relationship between the reading achievement and academic performance in science of 

518 Mexican American students residing in Arizona. Although the tests were conducted 

in the native language of the students, results nevertheless indicated a significant 

positive relationship between native reading and native science performance (0.61, p 

<0.001) (Medina & Mishra, 1994). Three other studies of English-speaking high school 

students also similarly reported high correlations. Nolen (2003) reported a strong 

correlate between scores on the district science achievement test and reading 

comprehension of r = 0.60. Demps and Onwuegbuzie (2001) revealed a correlation of 

0.80 between the scores on the Iowa Test of Basic Skills (ITBS) reading assessment 

and the high school science graduation test. Additionally, a correlation of 0.78 between 

the high school science graduation test and the high school language arts graduation 

test was also found (Demps & Onwuegbuzie, 2001).  

Last, another study sought to analyze the relationship between reading 

comprehension and science proficiency in more than 40 countries using 15-year-old- 

students who completed the PISA reading and science literacy assessments in 2000, 

2003, and 2006 (Cromley, 2009). Using both scores obtained from each year of the 

reading and scientific literacy assessments, Cromley (2009) determined a mean 

correlation of 0.840 between reading and science and a range of 0.675 to 0.916 at a 

significance level of 0.001 across 43 countries using PISA 2000 data. This significant 

variation among the 43 countries was as a result of correlations that were the highest in 
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countries that were in the top one half on mean reading achievement, such as The 

Netherlands, the United States, and the United Kingdom; and low among the six 

countries that were the lowest achieving in reading such as Indonesia and Peru, except 

Latvia. Therefore, a stronger relationship between reading scores and science scores 

occurred in countries with higher mean reading performance than countries with lower 

mean reading performance.  

When Cromley (2009) replicated the study using 2003 data from 276,192 

students from 41 countries, a correlation of 0.805 was determined as well as a range of 

0.599 to 0.892 at a 0.001 significance level. Data obtained from the 2006 administration 

of 389,750 15-year-olds also revealed a correlation of 0.819 at a 0.001 significance 

level (Cromley, 2009) despite the test designers deliberately requiring less reading 

(OECD, 2007). Cromley (2009) also found a range of 0.603 to 0.902 at a 0.001 

significance level among 56 countries. Similar to previous findings in the study, high 

correlations were present from countries in the top one half on mean reading 

achievement and low correlations among the lowest achieving. Thus, reading and 

science scores were stronger in countries with higher mean reading performance 

(Cromley, 2009). Other research using PISA data indicated a 0.889 correlation between 

latent reading factors and latent science factors for retrieving information, 0.890 for 

interpreting texts, and for reflection and evaluation, a 0.840 correlation (OECD, 

2002).Thus of the existing literature on the relationship between reading proficiency and 

science proficiency, all studies at the secondary level indicate a strong positive 

relationship. 
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Cromley (2009) concluded that the significant correlation between reading 

comprehension and science proficiency is due to good reading comprehension causing 

scientific proficiency as good reading comprehension should result in a good 

understanding of scientific texts and tests. Other research findings concur with this 

conclusion as acquiring scientific information through knowledge and skills is 

undertaken through reading (Ediger, 2005). Cromley (2009) also proposed that 

increases in science proficiency could result from the products of extensive reading 

experience such as background knowledge, reading comprehension strategies, 

inference, and general vocabulary. Other research has also indicated that because 

proficient readers engage in more reading (Bray, Pascarella, & Pierson, 2004; 

Torgesen, 2006) and read more widely (Smith, 2000; Torgesen, 2006; Wingfield & 

Guthrie, 1997), their exposure to scientific text would be more than their less proficient 

peers.  

Hence, a myriad of factors contiguous with reading contribute to general scientific 

proficiency. For purposes of this review, I will focus solely on the two reading 

requirements that limited studies in biology have demonstrated are responsible for 

directly improving biology achievement: background knowledge and vocabulary.  

Background knowledge 

Background knowledge serves as an important impetus of increasing reading 

literacy. Marzano (2004) indicated that the ability to learn new information is dependent 

upon what students already know. Thus, background knowledge is necessary to 

activate existing knowledge needed integrate new material into preexisting information 

(Feathers, 2004). Utilizing background experiences and knowledge occurred more often 

in the better readers who used the text in conjunction with their experiences and 
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knowledge to reformulate old ideas. Poor readers were less likely to use the text to 

rethink their experiences (Langer, 2001). Based on these findings, it is therefore not 

surprising that students from minority and low socioeconomic backgrounds typically 

were characterized as poor readers as they lacked ample background knowledge, and 

thus earned paltry scores on reading assessments (Fisher, Ross, & Grant, 2010; Puma, 

Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Reeves, 2000). 

Consequently, lack of use of this salient element in reading is attributable to 

deficiencies in reading comprehension (Best, Rowe, Ozuru, & McNamara, 2005; 

Cromley, Snyder-Hogan, & Luciw-Dubas, 2010; Guthrie, Wigfield, Barbosa, 

Perencevich, Taboada, Davis, Scafiddi, &Tonks, 2004; Ozuru, Dempsey, & McNamara, 

2009). In fact, research has shown that the better predictor of science text 

comprehension is prior knowledge, not reading skill (Cromley, Snyder-Hogan, & Luciw-

Dubas, 2010; Ozuru, Dempsey, & McNamara, 2009). Prior knowledge about biology 

was positively correlated with overall comprehension of science text and accounted for 

a large portion of variance in performance on comprehension questions above and 

beyond reading skills (Ozuru, Dempsey, & McNamara, 2009). The effect of prior 

knowledge is also larger on questions that require more extensive integration of 

information while the effect of reading skill was larger on questions that were text-based 

(Ozuru, Dempsey, & McNamara, 2009). 

Thus scientific learning and performance is hampered by limited background 

knowledge. Learning has also been cited as a challenge due to the nature of scientific 

texts. Research has indicated that students have difficulties understanding expository 

texts and in particular those scientific in nature (Best, Rowe, Ozuru, & McNamara, 2005; 
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Ozuru, Dempsey, & McNamara, 2009). Some of the proposed explanations for this 

difficulty is due to student difficulties in generating inferences required to understand 

science as they possess a low level of prior knowledge and inadequate reading 

strategies (Best, Rowe, Ozuru, & McNamara, 2005; Cromley, Snyder-Hogan, & Luciw-

Dubas, 2010; Ozuru, Dempsey, & McNamara, 2009). Consequently, readers are often 

deficient in a sufficiently developed mental model that is representative of the overall 

conceptual relationship between relevant concepts such as hormones and tropism 

(Kendeou & Van Den Broek, 2007; Ozuru, Dempsey, & McNamara, 2009).  

Another reason cited for the difficulty in understanding scientific text is due to the 

manner in which experts on the topic convey information to less knowledgeable readers 

(Best, Rowe, Ozuru, & McNamara, 2005; Norris & Phillips, 2003). The process of 

creating a textbook involves one or a few expert teachers who write the text and 

subject-matter experts and veteran teachers who edit and review it. Hence, the textbook 

by design “reflects the architecture of knowledge in its domain or field” (Christensen, 

Horn, & Johnson, 2011, p. 128). Thus “instructional materials in the school curriculum 

are developed by and taught to a ‘dominant intelligence’- the type of brain whose wiring 

is most consistent with the methods used to solve problems in the field, as the domain 

experts have framed them” (Christensen, Horn, & Johnson, 2011, p. 128-129).  

Furthermore, the writing style in science texts is characterized by "low-cohesion" 

in which students must generate many inferences and fill in conceptual gaps (Cromley, 

Snyder-Hogan, & Luciw-Dubas, 2010; Ozuru, Dempsey, & McNamara, 2009). 

According to Best, Rowe, Ozuru, & McNamara (2005), many science textbooks often 

omit information that the authors assume are prior knowledge for their readers; thus 
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exacerbating previously existing reading deficiencies due to poor background 

knowledge. Since students lack specific knowledge on concepts such as osmosis, and 

gravity; their ability to generate inferences that links concepts across and within 

sentences is limited (Best, Rowe, Ozuru, & McNamara, 2005; Kendeou & Van Den 

Broek, 2007; Ozuru, Dempsey, & McNamara, 2009). Thus students experience a 

fragmented and isolated understanding of the text which prevents students from 

obtaining a coherent mental representation of the overall information (Best, Rowe, 

Ozuru, & McNamara, 2005; Kendeou & Van Den Broek, 2007; Ozuru, Dempsey, & 

McNamara, 2009). However, this omission of background knowledge by authors has 

been shown to be beneficial with reading comprehension with highly-skilled readers and 

detrimental to their less skilled peers (Ozuru, Dempsey, & McNamara, 2009).  

Research has in fact indicated that the most common problem for older readers 

is comprehension of text because some students may not possess sufficient fluency to 

aid in comprehension, others are lacking the strategies to comprehend the text, while 

others are not versed in employing the use of these strategies in a variety of situations 

(Biancarosa & Snow, 2004). Thus, sophisticated reading comprehension skills are 

necessary at the secondary school level to successfully navigate the demands of more 

challenging academic expectations (Meltzer, Cook Smith, & Clark, 2002). Linguistic 

features in academic subject texts, particularly science, contribute to the abstract and 

dense nature of these texts that are unfamiliar to the texts used by students at earlier 

ages. These features contribute to comprehension challenges, especially for struggling 

readers and English-language learners; and may be overlooked by proficient adults 

(Fang, 2006; Ozuru, Dempsey, & McNamara, 2009).  
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These challenges are evident in the research conducted by Torgesen (2006) that 

investigated passage length according to grade level on the FCAT. Results indicated 

that the ability of students to understand longer and more complex ideas and sentences 

as grade levels increased was poor (Torgesen, 2006). Using 2005 FCAT data, 

Torgesen (2006) reported that as Floridian students increased in grade level, the 

proficiency levels in reading decreased. This is partially due to the increased skills and 

knowledge required to meet each grade level standard, such as more extensive use of 

background knowledge, being able to handle lengthier sentences with complex ideas, 

increased vocabulary demands, and the automaticity required in recognizing new 

vocabulary (Torgesen, 2006).  

Thus the comprehension process consists of two salient features in which 

background knowledge is activated and the conveyance of ideas occurs through printed 

words. Therefore limited background knowledge and good word-level processes (such 

as quick and effortless word identification and the meanings of keywords) if absent, 

serve as impediments in the comprehension process (Feathers, 2004; Neufeld, 2005; 

Marzano, 2004; Marzano & Pickering, 2005; Ozuru, Dempsey, & McNamara, 2009) and 

has been found to be an indicator of how well students learn content information 

(Marzano, 2004). Therefore, the following are erroneous independent assumptions- that 

poor readers are incapable of deriving meaning from text, or that they are unaware of 

utilizing a variety of sources to obtain knowledge, or that poor vocabulary is the basis of 

the differences in comprehension between low and high performing students. Instead, 

better readers have the knowledge of how to build on the information that they have 

grasped or understood (Langer, 2001). 
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Vocabulary 

Vocabulary is also important in improving proficiency in reading as it involves the 

study of multiple relationships or the connection of ideas. Thus, previous vocabulary 

serves as a framework for future vocabulary (Smith, 1990). The acquisition of some 

vocabulary may occur more readily than others due to the frequency of its use in 

everyday scenarios and rarely require explicit instruction. These words constitute Tier 1 

words which are comprised of words that commonly appear in spoken language. Tier 2 

words consists of more sophisticated vocabulary of written text (academic words) that 

are used with regularity with mature language users but are encountered less frequently 

with students. Vocabulary that is limited to specific domains and appear only in isolated 

situations comprise Tier 3 words. As a result of the limited exposure of these words, 

students have difficulties internalizing the meanings of these words that are present in 

content area texts (Harmon, Hedrick, & Wood, 2005).  

Examples of these words include medical, legal, and biology terms that are 

central to building knowledge and conceptual understanding within various academic 

domains although they are rarely used in the general vocabulary (Beck, McCaslin, & 

McKeown, 1980). To enhance vocabulary acquisition for Tier 3 words, instruction 

should encompass effective practices for general vocabulary as well as the unique 

features of the language of various content areas (Harmon, Hedrick, & Wood, 2005). It 

is therefore recommended in science that students should learn the specialized 

vocabulary of science when they are used in a unit of study (Fang, 2006). In fact, 

students need to learn to be attentive to the salient features inherent in the language of 

school science by creating an awareness of the similarities and differences between the 
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language of school science and the language of everyday life as well as understand 

how the language of science contributes to scientific thinking and thought (Fang, 2006). 

Ethnicity and Science Achievement 

According to measures of science achievement, students of minority 

backgrounds, on average; score lower than their White and Asian/ Pacific Islander 

counterparts and are disproportionately represented in scores of lower achievement 

(ACT, 2010; Bankston & Caldas, 1998; Florida Department of Education, 2012b; 

Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008; Maerten-Rivera, 

Myers, Lee, & Penfield, 2010; National Center for Education Statistics, 2012; Rathbun & 

West, 2004; Riegle-Crumb, Moore, & Ramos-Wada, 2010; Strand, 2012). For example, 

for ACT-tested high school graduates in 2010, only 44% of Asian, 36% of White, 14% of 

Hispanic, and 6% of Black students met ACT College Readiness Benchmarks in 

Science. Additionally, for U.S. fourth and eighth graders, average science scores of 

Black students were below the U.S. national average in 2007 and were the lowest of all 

ethnic groups while the average scores of their White and Asian counterparts were 

higher than the U.S. national average (Gonzales, Williams, Jocelyn, Roey, Kastberg, & 

Brenwald, 2008). Hispanic students also scored below the U.S. national average at both 

the fourth and eighth grade level (Gonzales, Williams, Jocelyn, Roey, Kastberg, & 

Brenwald, 2008).  

Proposed Explanations for Disparities in Achievement 

Based on these findings and other similar reports of underachievement in 

minority populations on every academic measure, some have wondered whether such 

differences are cultural or genetic in nature. The notion that underachievement is 

inherent within minority populations, especially within the Black population, and that 
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these populations are incapable of achieving at high levels due to their ethnic 

background is grossly incorrect. Instead, both cultural factors and systemic issues are 

being blamed for the achievement gap. According to Butchart (2010), despite the 

implementation of Jim Crow policies that mandated racial segregation, the legacy of 

slavery, the denial of resources- particularly social, intellectual, and financial; 

incongruent pedagogy and curriculum, cultural values antithetical to the Victorian values 

of school, and the ubiquitous segregated schools; African-Americans performed 

exceptionally well in formal education during the 1860s and 1870s.  

Instead, the demise of African-American educational progress was due to the 

open White terrorism that aimed to destroy "the black dream of intellectual emancipation 

through education" (Butchart, 2010, p. 37) through resistance to black educational 

freedom via education-related violence such as harassment, ostracism, denial of 

physical resources to black schools, burning of schools or churches that housed 

schools, targeting the living quarters of teachers with violence, terrorism of black 

students, White indifference to the atrocities, and the use of violence, sometimes 

deadly; on teachers.  

Easton-Brooks and Davis (2007) further corroborates this thesis by indicating 

that the economic and political history of African Americans is the root of the low 

educational performance of this subset of the population which schools cannot repair. 

Furthermore, socioeconomic accounted for significant variance in educational outcomes 

of African-American students but wealth accounted for greater variance in educational 

outcomes (Easton-Brooks & Davis, 2007). Thus, since more African-Americans occupy 

low socioeconomic and posses less wealth than their White counterparts (Caldas & 
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Bankston III, 1997; Snyder, Dillow, & Hoffman, 2008), the underachievement by African 

Americans is grounded in poverty rather than an outcome of race. In fact, research has 

indicated the interconnected nature of socioeconomic status and race (Aud, Fox, & 

KewalRamani, 2010; Caldas & Bankston III, 1997; House & Williams, 2000).  

Furthermore, within the Black community, achievement varies. Pinder (2012) 

discovered that Afro-Caribbean students statistically scored significantly higher, on 

average, than their African American peers in science. The study also revealed that on 

average, students from Afro-Caribbean households received more assistance with 

homework, lived with their father, and had more books at home (Pinder, 2012). The 

study further revealed that the strongest predictors of science achievement were similar 

in both groups as reflected in the statements "parents discuss school progress" and 

"time spent in extra science lessons." However, the Afro-Caribbean group also cited, 

"performance motivation to do science" whilst the African-Americans additionally cited, 

"time studying science", and "science attitudes" (Pinder, 2012). Thus the study 

emphasized the importance of parental involvement in determining academic 

achievement in science.  

This finding regarding parental involvement is consistent with Lee, Bryk and 

Smith's 1993 study that found that parental expectations for their children's achievement 

and the importance that parents place on education are positively and strongly related 

to academic performance. Even in high school, parents' beliefs, goals, and values 

concerning education and achievement strongly influence adolescents, who tend to 

incorporate these standards into their own. Of course, such influence may also be 
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negative, when parents do not value education or do not regularly enforce standards 

(Lee, Bryk & Smith, 1993). 

Another interpretation of the result of Pinder's 2012 and Ogbu and Simons’s 

1998 studies states that the difference in immigration patterns (voluntary or involuntary) 

is responsible for part of the difference in educational outcomes. According to Ogbu and 

Simons (1998), voluntary (immigrant) minorities willingly immigrated to the U.S. unlike 

their African American counterparts who view their permanent presence as forced upon 

them by White Americans or the U.S. government during slavery. Furthermore, 

voluntary immigrants have a more positive view of American schooling as a means of 

gaining access to the greater opportunities available within the United States than their 

frame of reference which is "back home." Involuntary immigrants however hold a more 

negative view of White-controlled American schooling and a mistrust of teachers and 

the schools who are viewed as discriminatory. They view American society as not fully 

rewarding or accepting their education and hard work and thus are ambivalent about the 

notion that education is a tool that results in success or aids in overcoming barriers to 

upward mobility and economic success (Ogbu & Simons, 1998).  

Empirical research on the other factors that contribute to the academic 

underperformance of minorities have focused on, family/personal and community, as 

well as institutional/structural variables. Family/personal and community factors include: 

the disproportionate representation of Black and Hispanic students from low income 

households (Education Information and Accountability Services, 2009; Woods, Kurtz-

Costes, & Rowley, 2005); family structure that is dominated by single parent households 

(Bankston III & Caldas, 1998; Pong, Dronkers, & Hampden-Thompson, 2003; Puma, 
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Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Rathbun & West, 2004); high 

rates of teen pregnancy (Pong, Dronkers, & Hampden-Thompson, 2003); low family 

social status (Caldas & Bankston III, 1997); less stimulating home environment, 

particularly during the preschool and elementary years (Baharudin & Luster, 1998); 

highest maternal educational level at less than a high school diploma or its equivalent 

(Bankston III & Caldas, 1998; Liu & Lu, 2008; Rathbun & West, 2004); poor parental 

involvement (Lee, Bryk & Smith, 1993; Tillman, 2005); lowered parental academic 

expectations (Lee, Bryk & Smith, 1993; Puma, Karweit, Price, Ricciuti, Thompson, 

Vaden-Kiernan, 1997); incongruence between home culture and mainstream school 

culture (Lovelace & Wheeler, 2006; Ogbu & Simons, 1998; Strand, 2012); lower 

proficiency with the English language (Haladyna, Nolen & Haas, 1991); less positive 

attitudes toward science (Singh, Granville, & Dika, 2002); less positive views of science 

ability (Sikora & Pokropek, 2012); lower levels of student motivation (Puma, Karweit, 

Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Singh, Granville, & Dika, 2002; 

Strand, 2012); limited background knowledge (Fisher, Ross, & Grant, 2010); poor 

literacy rates (Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Reeves, 

2000); lower levels of student attendance (Puma, Karweit, Price, Ricciuti, Thompson, 

Vaden-Kiernan, 1997; Strand, 2012); student participation in less academically rigorous 

courses (Moore & Slate, 2008; National Science Foundation, 2012a; Puma, Karweit, 

Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; Rumberger & Palardy, 2005; Strand, 

2012); lower degree of fitness and higher proportion of fatness (Chomitz, Slining, 

McGowan, Mitchell, Dawson, & Hacker, 2009; Davis & Cooper, 2011; Gurley-Calvez & 

Higginbotham, 2010; Hollar, Messiah, Lopez-Mitnik, Hollar, Almon, & Agatston, 2010); 
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and poor community emphasis on the importance of education (Ogbu & Simons, 1998; 

Price, 2005). 

Institutional/structural factors include: staffing problems at schools with high 

minority populations (Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 1997; 

Tillman, 2005); shortage of qualified teachers in the classroom (Murphy, DeArmond 

&Guin, 2003; National Science Foundation, 2012a); lowered teacher expectations 

(Gregory & Weinstein, 2008; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-Kiernan, 

1997; Rumberger & Palardy, 2005; Strand, 2012); poorer level of instruction from 

teachers (Desimone & Long, 2010); receipt of instruction from struggling or teachers 

new to the teaching field (Desimone & Long, 2010); the disproportionate representation 

of Black students in discipline referrals and its subsequent effect on student removal 

from the classroom (Aud, Fox, & KewalRamani,. 2010; Gregory & Weinstein, 2008; 

Skiba, Michael, Nardo, & Peterson, 2002; Strand, 2012; Vincent, Tobin, Hawken, & 

Frank, 2012); negative racial climate in heterogeneous schools denoted by lack of racial 

fairness and experiences of racism (Mattison & Aber, 2007); lower degree of safety 

expressed by students at school (Rumberger & Palardy, 2005); disproportionate 

representation of students from similar low socioeconomic standing attending schools 

with those from similar backgrounds (Bankston III & Caldas, 1998; Caldas & Bankston 

III, 1997; Condron & Roscigno, 2003; Puma, Karweit, Price, Ricciuti, Thompson, Vaden-

Kiernan, 1997; Rumberger & Palardy, 2005; Ryabov &Van Hook, 2007); similar ethnic 

composition of schools (Aud, Fox, & KewalRamani, 2010; Bankston III & Caldas, 1998; 

Condron & Roscigno, 2003; Lee, Bryk & Smith, 1993; Puma, Karweit, Price, Ricciuti, 

Thompson, Vaden-Kiernan, 1997); disparity in educational funding in which high-
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poverty districts receive less resources (Butchart, 2010; Condron & Roscigno, 2003; 

Chambers, Levin, & Parrish, 2006; Ryan, 1999; Thompson, Wood, & Crampton, 2008); 

and the negative impact of stereotypes about a group's intellectual ability or 

competence based on ethnicity (Steele & Aronson, 1995; Strand, 2012; Walton & 

Spencer, 2009; Woods, Kurtz-Costes, & Rowley, 2005).  

The disparity in scores has, in part, been attributed to the concept known as 

stereotype threat. "Stereotype threat is conceived as a state of psychological discomfort 

that, if sufficiently acute, can impair performance. It is thought to arise when students 

are confronted with an evaluative situation, in which a stereotype regarding a particular 

ability is relevant" (Appel, Kronberger, & Aronson, 2011, p. 904). According to Hoy and 

Hoy (2009), “when stereotyped individuals are in situations where a stereotype applies, 

they bear an extra emotional and cognitive burden. The burden is the possibility of 

confirming the stereotype, in the eyes of others or in their own eyes” (p. 293).  

This burden can result in anxiety and thus undermine performance (Hoy & Hoy, 

2009) by negatively affecting the intellectual functioning of these students, particularly 

on standardized tests (Steele & Aronson, 1995) and increasing negative domain-

specific thinking (Cadinu, Maass, Rosabianca, & Kiesner, 2005). If this threat continues, 

it may result in students disassociating with achievement in school and related 

intellectual domains as a protective mechanism; thus altering their self-concept in a 

manner in which school achievement does not serve as the basis of self-evaluation or 

personal identity (Steele & Aronson, 1995). The negative impact of stereotypes is not 

solely limited to race, however, but instead to any categorical grouping of individuals in 
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which a stereotype exists, including those from low socioeconomic backgrounds and of 

female performance in math and science. 

The Current Status of Minorities in Science 

Despite the paltry scores earned by Black and Hispanic students, trends in 

academic performance allude to the notion that there is hope as the average score of 

Black and Hispanic students have increased since 1995 at both the fourth and eighth 

grade level (Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008). The 

caveat however, is that the average scores of both Black and Hispanic students 

continue to lag behind their White and Asian peers. In fact, the average scores between 

White and Black students in 2007 resulted in a 79 point and 96 point difference at the 

fourth and eighth grade level respectively, and a difference of 65 and 71 points between 

fourth and eighth-grade White and Hispanic students, respectively (Gonzales, Williams, 

Jocelyn, Roey, Kastberg, & Brenwald, 2008). However, recent assessments have 

indicated that the achievement gap between the different ethnicities are narrowing 

(Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008; National Center for 

Education Statistics, 2012). For example, the NAEP Science 2011 data indicates that 

when compared with 2009 data, the gap in scores was reduced from 36 points to 35 

points between White and Black students, and from 30 points to 26 points between 

White and Hispanic students (National Center for Education Statistics, 2012). Therefore 

although an achievement gap exists between White and Asian students and their Black 

and Hispanic peers, student achievement for Black and Hispanic students are 

improving.  

Based on these staggering statistics, it is not surprising that a disparity in ethnic 

representation in the sciences exist. Although Blacks and Hispanics comprised 12% 
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and 15% of the total U.S. population, they comprise smaller percentages of engineering 

and science degree recipients and employed scientists and engineers compared to the 

population; and thus are considered underrepresented in science and engineering 

(National Science Foundation, Division of Science Resources Statistics, 2011; National 

Science Foundation, 2012a). In fact, the science and engineering workforce is primarily 

composed of White males (National Science Foundation, Division of Science Resources 

Statistics, 2011; National Science Foundation, 2012a) and that demographic is also 

primarily represented in graduate students and post doctorates in science and 

engineering in 2010 (National Science Foundation, 2012b). African American and 

Hispanics represent substantially lower levels of participation in science and 

engineering and other professional and related occupations than the U.S. workforce as 

a whole (National Science Foundation, Division of Science Resources Statistics, 2011) 

although at the elementary level, White and Black males express similar levels of 

positive attitudes towards science (Riegle-Crumb, Moore, & Ramos-Wada, 2010). In 

fact, Hispanic students are more likely to attain associate degrees than bachelor's 

degrees (National Science Board, 2004). 

However, underrepresented minority students obtaining bachelor's and master's 

degrees in science and engineering have increased over two decades since 1989, 

although those earning doctorates in these fields flattened since 2000 (National Science 

Foundation, Division of Science Resources Statistics, 2011). Of the science and 

engineering degrees earned at the bachelor's level by underrepresented minorities, the 

greatest rise has been in social, computer, and medical sciences fields of study 

(National Science Foundation, Division of Science Resources Statistics, 2011). In fact, 
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the percent of minorities in the doctoral science and engineering labor force increased 

from 4% in 1990 to 6% in 2007 (National Science Foundation, 2011). 

While this increase in minority representation in the sciences represents a step 

forward in the right direction, significant inroads still need to be made to address student 

achievement disparities in light of the current demographic shift within the U.S. 

population. According to United States Census Bureau, Population Division (2012), 

minorities such as Hispanics, Blacks, and Asians represent the largest net increase in 

the population between 2000 and 2009. The United States Census Bureau (2012) also 

reported that 50.4% of the nation's population under the age of 1 was comprised of 

minorities, as of July 1, 2011. As of 2011, there were 114 million minorities, primarily 

composed of Hispanics who numbered 52 million in 2011 (United States Census 

Bureau, 2012). Hispanics also represented the fastest growing population with a growth 

rate of 3.1% since 2010; thus comprising 16.7% of the nation's total population in 2011 

(United States Census Bureau, 2012). African Americans however, represented the 

second largest minority group at 43.9 million in 2011, an increase of 1.6% from 2010 

(United States Census Bureau, 2012).  

While the shift in demographics is not particularly troubling in itself, when viewed 

within the context of an increase in the retirement of workers in the science and 

engineering workforce, a reduction in White male participation in science and 

engineering, more foreigners attaining U.S. science and engineering degrees, 

particularly advanced degrees in the past 2 decades; and an increasing minority 

population whose participation rate is half or less than their White peers and have been 

traditionally underrepresented in science and engineering (National Science Board, 
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2004); the need for minorities pursuing degrees in science and engineering becomes of 

increasing importance.  

Socioeconomic Status and Science Achievement 

Empirical research has conclusively indicated that student achievement is 

negatively affected by the low socioeconomic status of students (Caldas & Bankston III, 

1997; Desimone & Long, 2010; Fleischman, Hopstock, Pelczar, & Shelley, 2010; 

Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008; Liu & Lu, 2008; 

Maerten-Rivera, Myers, Lee, & Penfield, 2010; Maerten-Rivera, Myers, Lee, & Penfield, 

2010; National Center for Education Statistics, 2012; National Science Foundation, 

2012a; Rathbun & West, 2004). Thus the condition of poverty has greater implications 

that go beyond mere access to financial resources. According to the United Nations 

Children's Fund [UNICEF] (2012), failing to protect children from poverty is a costly 

mistake borne by not only children, but the nation of those children due to the reduction 

in skills and productivity, lower levels of health and academic achievement, increased 

probability of unemployment and dependence on welfare, increased judicial and social 

protection systems, as well as the loss of social cohesion. According to the United 

Nations Children's Fund [UNICEF] (2012), 23.1% of American children are living in 

relative poverty (defined as "living in a household in which disposable income, when 

adjusted for family size and composition, is less than 50% of the national median 

income" (p. 3). When compared internationally, the U.S. ranked as the 2nd highest on 

relative child poverty rates out of the 35 economically advanced countries (UNICEF, 

2012).  
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Free and Reduced-Price Lunch 

One service provided to children living in poverty is the National School Lunch 

Program (NSLP) which is federally assisted and operates within approximately 100,000 

public and nonprofit private schools and residential child care institutions (United States 

Department of Agriculture, 2012). NSLP provides "nutritionally balanced, low-cost or 

free lunches to more than 31 million children each school day in 2011" (United States 

Department of Agriculture, 2012, para. 1). According to the Education Information and 

Accountability Services (2009), the NSLP was established in 1946 to provide free and 

reduced-price lunches to students from economically disadvantaged families. Children 

eligible for free meals are from families with incomes at or below 130 percent of the 

poverty level and those eligible for reduced-price meals are from families with incomes 

between 130 percent and 185 percent of the poverty level (United States Department of 

Agriculture, 2012).  

In the 2006-2007 school year, 1.2 million students in Florida qualified for free and 

reduced-price lunch (Education Information and Accountability Services, 2009). This 

figure represents a 24.69% increase or an increase of 257,214 students since the 1999-

2000 and 2008-2009 academic school years. Of students eligible, Black and Hispanic 

students represented the largest proportions of all ethnicities in which 69.59% of Black 

and 62.38% of Hispanic students were eligible; a significant quantity compared to the 

43.98% average of all ethnicities combined (Education Information and Accountability 

Services, 2009).  

Research on the Impact of socioeconomic on Achievement  

According to Caldas and Bankston III (1997), research has consistently 

demonstrated since the mid-1960s that individuals with a low socioeconomic standing 
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are more likely to engage in lower levels of academic achievement than individuals of a 

higher socioeconomic standing, even while controlling for a variety of other factors. One 

such study by the National Center for Education Statistics (2012), categorized students 

as coming from lower-income families based on student eligibility for the NSLP for either 

free or reduced-price school lunch. The study indicated that students not eligible for free 

or reduced-price school lunch obtained an average science score that was 27 points 

higher than their lower-income peers. The study also indicated that when compared with 

2009, the average scores of both eligible and non eligible students increased by 4 

points for those eligible and 3 points for non-eligible students. However, no significant 

changes between 2009 and 2011 in the score gap between both groups occurred.  

Empirical studies also have indicated that students from low socioeconomic 

status score lower than those from higher socioeconomic standing in combined reading 

literacy (Fleischman, Hopstock, Pelczar, & Shelley, 2010) and science measures 

(Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008). Additionally, 

students attending the highest poverty public schools (in which 75% of students were 

eligible for free or reduced-price school lunch) had the lowest average science score in 

both fourth and eighth grade than students attending schools in which the percent of 

students eligible for free or reduced-price lunch was 50-74.9%, 25-49.9%, 10-24.9%, 

and less than 10% respectively (Gonzales, Williams, Jocelyn, Roey, Kastberg, & 

Brenwald, 2008). This finding is consistent with Puma, Karweit, Price, Ricciuti, 

Thompson, and Vaden-Kiernan's 1997 study that indicated that the academic 

performance of children from high- poverty schools was lower than those in low-poverty 

schools. Children from low income households started school, on average, 
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academically behind students in low poverty schools and were unable to close the gap 

in achievement as they progressed through school (Puma, Karweit, Price, Ricciuti, 

Thompson, Vaden-Kiernan, 1997). 

Thus although several studies have highlighted the negative impact of low 

socioeconomic status on student achievement, other studies have alluded to a similar, 

yet nuanced variable. According to Easton-Brooks and Davis (2007), it is wealth, not 

socioeconomic status that accounts for the more significant variance in educational 

outcomes, particularly for African-American students. It is wealth that confers 

advantages beyond income, occupation, and parental education (Easton-Brooks & 

Davis, 2007). It provides psychological benefits as well as the financial aspects that 

affect the degree of personal security experienced, one's ability to finance a collegiate 

education, allows for a variety of options in places to live, as well as affords the 

protection from the stress of short-term unemployment and other emergencies (Easton-

Brooks & Davis, 2007). 

Caldas and Bankston III (1997) also revealed that the family social status has a 

more significant effect on student achievement than socioeconomic status as measured 

by qualification for free and reduced-price lunch. They noted that students who attended 

schools with high minority concentration tended to contain peers of relatively low family 

social status backgrounds and were marked by higher levels of poverty. They also 

discovered that low socioeconomic has a small, negative impact on individual student 

achievement. In fact, attending school with students who are from higher socioeconomic 

backgrounds has a positive impact on increasing student achievement, independent of 

one's socioeconomic background, race, and other factors.  
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This is because the more affluent peers tend to bring additional resources 

associated with higher family educational and occupational status. Additionally, students 

of all ethnicities are negatively affected by poverty although African American 

achievement is more negatively affected that their White peers. This supports what 

proponents for heterogeneous schools along socioeconomic lines such as Coleman, 

Campbell, Hobson, McPartland, Mood, Weinfield, and York (1966) have long 

advocated. According to them, the economic diversity of the school body serves as a 

means of enabling those from low socioeconomic lines to benefit from contact with 

those more socially advantaged as a means of acquiring "social capital."  

Empirical studies have consistently noted the intersection between 

socioeconomic standing and ethnicity, as previously discussed in the "Ethnicity and 

Student Achievement" section of Chapter 2 (Aud, Fox, & KewalRamani, 2010; Caldas & 

Bankston III, 1997; Easton-Brooks & Davis, 2007; Snyder, Dillow, & Hoffman, 2008) as 

proportionately more African-Americans occupy low socioeconomic than their White 

counterparts (Caldas & Bankston III, 1997; Snyder, Dillow, & Hoffman, 2008). Thus, 

race and ethnicity are difficult to conspicuously distinguish from socioeconomic status 

as impacting on student achievement due to the disproportionate representation of 

racial or ethnic minorities in low socioeconomic settings (Maerten-Rivera, Myers, Lee, & 

Penfield, 2010). According to Snyder, Dillow, and Hoffman (2008), 33% of all Black 

families with children under 18 reside below the poverty level compared to 9.5% of 

Whites and 26.6% for Hispanics in 2006. The statistic is significantly higher in single-

parent households lacking a husband as the poverty level for Whites with no husband 

increased to 32.9%, 49.7% for Blacks, and 47.2% for Hispanics (Snyder, Dillow, & 
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Hoffman, 2008). Thus it is not surprising that African American children are more likely 

to live in poverty than their peers of other ethnicities. In fact, 34% of black children live 

in poverty, compared to 27% Hispanics, and 10% Whites (Aud, Fox, & KewalRamani, 

2010). Additionally, of the 48% of fourth graders in public school that were eligible for 

free-reduced price lunch in 2009, 77% were Hispanic, 74% Black, and 29% White (Aud, 

Fox, & KewalRamani, 2010). Therefore, since ethnicity and socioeconomic status are 

intertwined, some of the some of the cited reasons for student underperformance in 

Chapter 2 under the subsection, "Ethnicity and Science Achievement" applies. 

Research has also indicated the intersection between socioeconomic standing 

and the number of parents in the household (Puma, Karweit, Price, Ricciuti, Thompson, 

Vaden-Kiernan, 1997; Rathbun & West, 2004). Research has indicated that 55% of 

children living in poverty reside in single-parent households (Rathbun & West, 2004). 

One particular study, Rathbum and West's 2004 study used data from the Early 

Childhood Longitudinal Study, Kindergarten Class of 1998-99 (ECLS-K) that examined 

specific risk factors on student achievement. These risk factors included living in a 

single-parent household, living below the federal poverty level, living in a household 

whose primary home language is other than English and the highest level of maternal 

education less than or below a high school diploma or its equivalent.  

The results indicated that as the number of risk factors of a child's household 

increase, student gains between the start of kindergarten and the end of third grade 

decrease in reading and math when compared with children with fewer family risk 

factors, after controlling for other child, family, and school characteristics. Furthermore, 

students in such households are less likely to be proficient in reading, mathematics, and 
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science than those with less risk factors. Children with no or low associated risk factors 

scored significantly higher than those with more risk factors. Puma, Karweit, Price, 

Ricciuti, Thompson, and Vaden-Kiernan's 1997 study also demonstrated that students 

performing poorly academically were "participants [that]were more economically 

disadvantaged. They were more likely to be living with a single parent, have a total 

family income under $10,000, receive public assistance, and have poorly educated 

parents whose natural language is not English. They were more likely to be non-White 

and live in urban areas with the concomitant increased likelihood of being exposed to 

high rates of crime, physical violence, drug abuse, and substandard living conditions" 

(p.22). 

Thus the impact of the environment is a significant one in the development of the 

cognitive capabilities of the child. One such environment that has received attention is 

the verbal environment during the early stages of child development. According to 

Christensen, Horn, and Johnson (2011), “a significant portion of a person’s intellectual 

capacity is determined in his or her first 36 months” (p. 149) due to exposure to verbal 

interactions. Merely speaking with a child was however not indicated to improve 

intellectual capacity but instead, research indicates that children in pre-K need 

significant exposure to “language dancing.” “Language dancing” involves face to face 

discussions with the infant in which the parent speaks in a fully adult, sophisticated, 

chatty language. It is characterized by deliberate, uncompromised, personal adult 

conversation. Limiting conversations to “business” in which statements are made about 

what needs to be done are often characterized by simple, direct, here-and-now 

conversations.  
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Thus their ability to improve cognitive development is limited. According to 

Zegiob and Forehand (1975), the socioeconomic status of the mother was a significant 

determinant of maternal behavior. The study found that less directive and more social 

interchange, especially verbally, were common among middle-class mothers than their 

lower-class counterparts. Lower class mothers also gave more commands than middle-

class mothers and they were more directive and controlling. Also, less verbal 

exchanges occurred between lower-class mothers and their children. Tulkin and 

Kagan's 1972 study also examined how the different social class backgrounds of 

individuals affected the experiences of infants. The study also concluded that middle-

class mothers vocalized every verbal behavior more frequently than lower-class 

mothers. Thus by improving the linguistic environment of the home, lower-class mothers 

can help to improve the cognitive development of their children as a means of improving 

student academic performance in the future. 

Research has also indicated that poverty and being a minority does not have to 

negatively impact on student performance (Reeves, 2000). Reeves's 2000 study 

revealed a low (-0.2) correlation between student performance and being poor. In this 

study 90/90/90 schools were examined- that is, schools in which approximately 90% of 

the school's composition is ethnic minorities, a minimum of 90% are eligible for free and 

reduced-price lunch, and approximately 90% of its students are achieving at proficiency 

levels based on independently conducted tests of student academic achievement. 

Reeves (2000) realized that these schools focused on a limited number (in particular 5) 

areas in which to improve and made curriculum choices whereby students spent more 

time in core subjects such as reading, writing, and mathematics and less time on other 
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subjects. Consequently, although significant instruction was lacking in science, these 

students nevertheless outperformed their peers of similar backgrounds thus highlighting 

that reading and writing are critical in determining the academic achievement of 

students. Furthermore, they changed the school schedule so that at the elementary 

level students were engaged in 3 hours of literacy and at the secondary level they 

provided double periods of English and mathematics (Reeves, 2000).  

Gender and Science Achievement 

Research has consistently demonstrated that female performance in science 

continues to lag behind their male peers as measured through various scientific 

assessments (Florida Department of Education, 2012b; Gonzales, Williams, Jocelyn, 

Roey, Kastberg, & Brenwald, 2008; Maerten-Rivera, Myers, Lee, & Penfield, 2010; 

O'Reilly & McNamara, 2007; National Center for Education Statistics, 2012; Riegle-

Crumb, Moore, & Ramos-Wada, 2010; Shymansky, Yore, & Anderson, 2004). 

According to National Center for Education Statistics (2012), male students scored 

higher than females in science. The average male science score was higher than those 

of females in grade four by 5 points (although not statistically significant) and increased 

in grade 8 to 12 points (statistically significant at p <0.05). Although there was no 

significant difference in science performance of male and female fourth-graders, males 

outperformed females by 5 points only in Earth Sciences, thus excluding all other 

science content domains such as Life Sciences and Physical Sciences (National Center 

for Education Statistics, 2012).  

In the eighth-grade however, males outperformed females in Biology, Physics, 

and Earth Sciences (p<0.05). When the 2003 and 2007 average scores were analyzed, 

data indicated that the difference in scores between males and females decreased from 
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12 scale score points to 5 scale score points for fourth-graders. At the eighth grade level 

however, no significant difference in changes in the gap between average science 

scores from 1995 and 2007, thus maintaining the male advantage in average science 

scores (Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwald, 2008). Considering 

that individuals in science-related fields earn considerably more on average than other 

fields (National Science Foundation, 2011), women are at a disadvantage in future 

earnings due to their decreased proficiency levels in the sciences.  

 However, a study of Iranian secondary level girls and boys revealed otherwise 

(Nasr & Soltani, 2011). According to Nasr and Soltani (2011), Iranian secondary level 

girls tend to have better achievements than their male counterparts. While some may 

account for this difference due to discrepancies in student attitudes based on gender, 

the study indicated no significant difference on attitudes towards biology between 

secondary level girls and boys (Nasr & Soltani, 2011). Additionally, according to Nasr 

and Soltani (2011), there is no significant difference between attitude towards biology 

and students' achievement in biology courses (p<0.05, r = 0.12). However, of the many 

attitudes towards biology dimensions studied, the only positive and significant 

dimension was "biology is fun for me."  

George (2006) found contradictory results, revealing an initial gender difference 

in the attitude toward science and its utility. According to George (2006), in the 7th 

grade, boys have a more favorable attitude toward science and its utility than girls. 

Bhanot and Jovanovic (2009) also revealed that boys were more confident in their 

science abilities although no gender differences existed in actual science ability or 

science performance. Greenfield (1997) on the other hand, failed to find any gender 
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differences in attitudes. According to Greenfield (1997), elementary girl students liked 

science more than elementary boys, and although attitudes for both genders declined 

during middle school years, high school boys' attitudes rose again but not the girls. 

Thus, when all grades are combined, no significant gender difference in attitude exists 

(Greenfield, 1997). George (2006) also noted that the attitude of boys changes faster 

than girls as they advance in coursework. Furthermore, a higher proportion of students 

expressed a more favorable attitude toward the utility of science during their 10th grade 

while taking biology and lower favorability while taking earth or physical science 

(George, 2006).  

Prokop, Prokop, and Tunnicliffe (2007) also revealed no significant gender 

differences in preferences toward biology lessons although Slovakian girls reported 

higher interest in biology than Slovakian boys (p<0.05). Boys also considered biology 

lessons to be more difficult than girls (p<0.05) while the mean score for girls reporting 

that biology lessons were more important was significantly higher than in boys 

(p<0.001). Biology was also the preferred science course for 4th and 6th graders (ages 

9-10 and 11-12) though, younger (between ages 6-8) and older (between ages 13-15) 

students reported lower rates of course preference (Prokop, Prokop, & Tunnicliffe, 

2007). Thus, despite the trend of the changing reports of the utility of science based on 

the science subject matter being learned, attitude towards science declines during the 

middle and high school years (George, 2006; Greenfield, 1997) although attitudes 

regarding its utility is positive (George, 2006). This waning positive attitude toward 

science as students advance in science coursework is partly responsible for the decline 

in science learning (as evident in scores) and interest in science-related careers 
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(George, 2006). Riegle-Crumb, Moore, and Ramos-Wada (2010) also revealed that 

enjoyment of science serves as an important factor in pursuing science careers 

specifically for White and Hispanic females although achievement in science served as 

a more significant influence for Black students at younger ages. 

Proposed Explanations for Disparity in Achievement 

Research has documented that attitudes and achievement among adolescents in 

science is influenced by a myriad of factors (Taltont & Simpson, 1985). Factors include 

parental background and family environment, individual characteristics such as locus of 

control, achievement motivation, and self-concept; as well as the influence of the school 

such as teacher and administrative styles as well as class climate (Taltont & Simpson, 

1985). For example, Hidi and Harackiewicz's 2000 study that revealed that learning and 

academic performance is strongly influenced by interest, goals, and motivation. 

Velayutham, Aldridge, and Fraser (2012) revealed that motivational beliefs regarding 

learning goal orientation, task value, and self-efficacy influenced student learning. 

Research also indicated that student self-concept is also a strong predictor of attitude 

towards science and its utility (George, 2006) and males posses a higher self-concept in 

science than females (Sikora & Pokropek, 2012). Additionally, teachers who 

encouraged students to pursue opportunities in science and work hard in it were more 

likely to have students with positive attitudes towards the field (George, 2006). Friends 

also play a role in influencing course enrollment. Riegle-Crumb, Farkas, and Muller 

(2006) revealed that females with female friends who excelled academically in both 

traditionally male and female subjects positively affected advanced course taking in 

those subjects.  
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Research has also exposed the effect of stereotype threat on female 

performance in math and the sciences. Considering that the gender gap in performance 

does not emerge until high school (National Center for Education Statistics, 2012), 

gender differences in ability and preference may not represent sex differences due to 

genetic, chemical, or biological factors (Good, Woodzicka, & Wingfield, 2010), but 

instead learned through socialization (Bhanot & Jovanovic, 2009; Bleeker & Jacobs, 

2004; Cadinu, Maass, Rosabianca, & Kiesner, 2005; Walton & Spencer, 2009). 

Research has indicated that regardless of age or gender, implicit stereotyping of women 

in science predicted the sex differences in performance on the TIMMS assessment of 

eighth graders in 1999 and 2003 (Nosek, Smyth, Sriram, Lindner, Devos, Ayala, Bar-

Anan, Bergh, Cai, Gonsalkorale, Kesebir, Maliszewski, Neto, Olli, Park, Schnabel, 

Shiomura, Tudor Tulbure, Wiers, Somogyi, Akrami, Ekehammar, Vianello, Banaji, & 

Greenwald, 2009).  

Haworth, Dale, and Plomin (2009) reported that genetic and environmental 

influences are important for high science performance in both genders but the effect of 

the environment becomes increasingly more influential with age. Additionally, Bhanot 

and Jovanovic (2009) revealed that the science ability of boys were overestimated by 

their parents than parents of girls, thus partly explaining the tendency of girls to 

undervalue their science ability and boys in overestimating it. Furthermore, parents of 

boys perceived that their sons liked science more than parents of girls (Bhanot & 

Jovanovic, 2009). However, when the mother or father of a girl believed in the 

importance of science, girls valued science more although parents played no role in 

influencing the beliefs of boys (Bhanot & Jovanovic, 2009).  
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Informal discussions by mothers regarding the importance of science and 

possible careers in science also served in the creation of positive attitudes by girls 

(Bhanot & Jovanovic, 2009; Dewitt, Archer, Osborne, Dillon, Willis, & Wong, 2011). 

Notable however, is the finding that mothers are more likely to encourage science 

interest in their sons who are not doing well and only become involved with girls when 

they fare well academically (Bhanot & Jovanovic, 2009). Bleeker and Jacobs (2004) and 

Dewitt, Archer, Osborne, Dillon, Willis, & Wong (2011) also revealed that the self-

efficacy of adolescents in math and science as well as their career choices were related 

to their mother's beliefs about their adolescents' abilities. Thus early maternal 

expectations have an enduring effect on children and their career decisions later in life 

as children are "taught" which academic pursuits are considered appropriate based on 

their gender and learn role expectations which may lead to the gender gap (Bleeker & 

Jacobs, 2004).  

Research has also indicated that the school context may also serve as a 

contributor to the effects of stereotype threat, even in Non-Western locations (Pico & 

Stephens, 2012). Women attending single-sex schools exhibit higher levels of 

motivation, domain identification, self-efficacy, and performance in male dominated 

domains such as mathematics than those attending coed institutions (Pico & Stephens, 

2012). Even when stereotypes were applied, attending a single-sex school served as a 

buffer, thus failing to negatively affect performance, although those attending coed 

institutions reported significantly worse performance (Pico & Stephens, 2012). The 

proposed difference in the impact on student academic performance as a factor of 

gender composition of the school is due to the salience of stereotypes in the 
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environment. According to Pico and Stephens (2012), environments in which 

stereotypes are salient serve as grounds for stereotypes to be triggered, thus exerting 

its impact. Thus the chronic exposure of females to stereotype laden environments 

results in increased susceptibility to its effects by (1) increasing accessibility and 

potential believability of gender stereotypes, and (2) serving as an incubator in which 

girls adapt to dispositional factors such as stigma consciousness in such contexts over 

a period of time; thus catalyzing stereotype threat and subsequently degrading 

performance (Pico & Stephens, 2012). 

Unfortunately, science textbooks have also served to perpetuate gender 

stereotypes via the images and languages utilized (Good, Woodzicka, & Wingfield, 

2010). According to Good, Woodzicka, and Wingfield (2010), "girls may begin to believe 

in the stereotype, attributing their inferior performance to a supposed natural sex 

difference, and ultimately leading them to avoid majors and professions involving math 

and science. Thus, textbooks, considered positive instruments of learning, may 

ironically teach girls that they have no place in the academic areas of math and science 

and thereby reduce their achievement and enjoyment within these disciplines" (p. 145). 

Although the authors do not advocate that the elimination of biased textbook images will 

assuage stereotype threat, they instead advocate that the gender gap in science 

performance will be lessened (Good, Woodzicka, & Wingfield, 2010). In fact, a study 

conducted by Appel, Kronberger, and Aronson (2011) revealed that stereotype threat 

even impairs the ability to learn and acquire knowledge in preparation for a test which 

serves as a precondition for the potential occurrence of stereotype threat during testing.  
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According to their study, women who were aware of the stereotype that women 

were less proficient in science, technology, engineering, and mathematics (STEM) test 

preparation than men were impaired in their note-taking activities as well as evaluating 

the notes of others, especially if they identified with the female gender (Appel, 

Kronberger, & Aronson, 2011). According to Appel, Kronberger, and Aronson (2011), "if 

stereotype threat also impairs learning activities (at least among those who are domain 

identified), then, over time, targets not only will demonstrate impaired test performance 

but will actually learn content in less efficient ways as well. Gradually, the knowledge 

gaps between targets and nontargets will widen" (p. 911).  

During the learning process as well, stereotype threat surfaces in other ways. 

There are reports of female students not receiving as much teacher attention in science 

classes although they initiated as many teacher interactions as their male peers 

(Greenfield, 1997). During the test-taking process, research has shown that females 

perform better academically in science when exposed to counter-stereotypic images 

than stereotypic images (Good, Woodzicka, & Wingfield, 2010). Thus, the behaviors 

that develop student capabilities are negatively affected by stereotypes, thus 

underscoring the importance of gender-neutral textbooks, language, and activities within 

the classroom. Thankfully, the developers of the Biology I end-of-course assessment 

have intentionally ensured that test questions are equal in its specification of gender 

and ethnicity (Florida Department of Education, 2011c) as one means of reducing the 

impact of stereotype threat on student performance. 

According to American Association for the Advancement of Science (AAAS) 

Project 2061 (1990), when the science education of any student (particularly girls and 
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minorities) are neglected, students are deprived of a basic education which handicaps 

them for life as well as deprives the nation of a talented workforce and informed 

citizens; a loss that the nation cannot afford. 

Representation of Women in Science 

Historically, women have been underrepresented in the scientific fields and 

scientific careers (National Science Foundation, 2012a). According to Long and Fox 

(1995), the institution of science is marred with inequality in career attainments whereby 

women and most minorities, as groups, participate at lower levels, have lower positions, 

lower productivity levels, and less recognition than White men. Thankfully, this male-

stereotypical view of science and scientists is less a part of the female consciousness 

than males (Greenfield, 1997). Despite the stereotypical male view of science and 

scientists, there was a significant difference in GPA between men and women in any 

field of the sciences, in which women had higher GPAs than their male counterparts 

(Sonnert & Fox, 2012) although they were more likely to underestimate their science 

ability (Sikora & Pokropek, 2012). Additionally, according to Sonnert, Fox, and Adkins, 

(2007), the percentage of women majors enrolled in majors in the scientific and 

engineering fields has increased steadily in a linear manner over a 16- year period 

(between 1984 and 2000).  

In fact, since 2004, females have attained more doctoral degrees in science and 

engineering than males (National Science Foundation, 2011). Moreover, in 2010, more 

women than men were conferred with scientific degrees (National Science Foundation, 

2012b) and the percent of women holding doctoral degrees in science and engineering 

has increased from 23% of the science and engineering doctoral labor force in 1990 to 

34% in 2007 (National Science Foundation, 2011). Even more so, more women than 
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men enroll in college and graduate with a bachelor's degree irrespective of all 

racial/ethnic groups (National Science Foundation, Division of Science Resources 

Statistics, 2011).  

Despite this trend of increasing women graduating with undergraduate degrees, 

a higher proportion of degrees in science and engineering fields of study were earned 

by proportionately more males (National Science Foundation, 2011; National Science 

Foundation, Division of Science Resources Statistics, 2011; National Science 

Foundation, 2012a) which is not alarming considering that at the elementary level, 

White, Hispanic, and Black females reported significantly lower rates of interest in 

pursuing science careers than their White male counterparts and also reported lower 

levels of science enjoyment and science self-concept overall (Riegle-Crumb, Moore, & 

Ramos-Wada, 2010). At the secondary level, although more women are enrolled in 

Advanced Placement courses than their male counterparts, fewer women are enrolled 

in science courses and experienced less success, as a lower percentage scored at or 

above the criterion level in those subjects (Moore & Slate, 2008). Consequently, there is 

an uneven distribution of women in the scientific fields. According to National Science 

Foundation (2011) and Sonnert and Fox (2012) women have a higher percentage of 

representation in life sciences. The participation of women among other scientific fields 

also varies although within fields it has remained relatively consistent over every level of 

degree.  

For example, women participate at higher levels in psychology and medical 

sciences. Women's participation in biosciences has also increased at all degree levels 

although at the master's and bachelor's level, the growing trend has stabilized over the 
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last 5 years (National Science Foundation, Division of Science Resources Statistics, 

2011). At the secondary level, Bleeker and Jacobs (2004) and Sikora and Pokropek 

(2012) also reported that the life sciences were selected by more females interested in 

pursuing careers in the sciences than other scientific fields such as physical sciences. 

When compared with their male counterparts in mathematics and physical sciences, 

women earn degrees at medium to low levels (National Science Foundation, Division of 

Science Resources Statistics, 2011) as more than 80% of bachelor's degrees in 

computer science, physics, and engineering were earned by males in 2007 (National 

Science Foundation, 2011; National Science Foundation, 2012a).  

Therefore, research has indicated the increasing participation and achievement 

of women in the Biological sciences, which stimulates discussion on whether a gender 

gap even exists within biology. National Center for Education Statistics (2012), indicated 

that males outperformed females in biology at the eighth-grade level, but the gap in 

scores decreased dramatically among fourth-graders to only 5 points. Those fourth-

graders in 2007 would represent the cohort of ninth-graders in this study, if the 

traditional educational trajectory is followed. Thus, the possibility exists that these 

students may represent a cohort in which gender is negligible in student achievement in 

biology. This does not imply that gender differences may no longer exist among other 

sciences, but instead may not be applicable to biology. Therefore, the context of this 

study will test such an assertion.  

Summary 

The purpose of this study is to determine the influence and relationship of four 

variables- FCAT Reading level, ethnicity, socioeconomic status, and gender- on biology 

achievement as reflected on the results from the Florida Biology I EOC assessment at a 
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Florida Title 1 high school. Results from previous studies have indicated that 

achievement in science is differentially affected by each of the four variables. Research 

has consistently indicated that students with low levels of reading proficiency score 

significantly lower on science assessments than their peers who are proficient in 

reading. Research also indicates that students from minority backgrounds and students 

who are eligible for free and reduced-price lunch score lower than students who are 

White and who are not eligible for free and reduced-price lunch. Last, research has also 

indicated that women score lower on science assessments than their male 

counterparts. The proposed explanations that account for these differences reveal that 

this phenomenon of underperformance is a complex one and interdependent on several 

other factors. Consequently there are significant implications not only on graduation 

rates but also on the ability of the education sector to prepare students for a more 

technologically advanced and global society. 
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CHAPTER 3 
METHODOLOGY 

This chapter will present an overview of the quantitative methods utilized in this 

study. The subsections that comprise this chapter include research design, population, 

sample and sampling procedures, procedure for data collection, measures, participants, 

and method of data analysis.  

Research Design 

This study adopted a causal-comparative exploratory research or ex-post facto 

design. According to Gay, Mills, and Airasian (2009), causal-comparative research 

describes preexisting conditions and therefore is considered descriptive research. 

However, this methodology also seeks to determine the causes or reasons for the 

existing differences in the status of groups. Thus, the researcher aims to identify the 

major factor that has led to the difference between groups as "both the effect and the 

alleged cause have already occurred and must be studied in retrospect (Gay, Mills, & 

Airasian, 2009, p. 218). This methodology was deemed appropriate as the study 

collected preexisting data from the sample being investigated, and therefore given the 

ex-post facto design; the researcher did not consciously or deliberately manipulate any 

of the variables of interest in the study. The researcher also did not deliberately control 

variables, including confounding variables, and failed to utilize random sampling. 

However, an analysis of covariance will be utilized in the study in an attempt to control 

for extraneous variables. 

Population 

Originally, the researcher wanted to utilize data obtained from two schools for the 

study. However, due to the extensive data collection protocols that required 
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considerable time, significant delays in the study would have occurred. Consequently, 

the researcher elected to focus on Title 1 school as the focus of this study. Thus, the 

target population for this study included the high school students matriculated at a rural 

North Florida Title 1 school. The school was purposely sampled as it is a co-educational 

institution whose demographics contain relatively equal proportions of males and 

females (52% males and 48% females) enrolled in Biology I (Florida Department of 

Education, 2012, o, p), and is reflective of the major ethnic groups (White, Black, and 

Hispanic) represented within the state of Florida. The ethnic composition of the student 

body is comprised of 41.7% White, 54.3% Black, 2.3% Hispanic, 0.3% Asian, 0.9% 

American Indian or Alaskan native, and 0.4% two or more races (Florida Department of 

Education, 2012p). Thus, the minority rate is 59%. 

Furthermore, the high school is comprised of 683 students (Florida Department 

of Education, 2012p), of which 64% of the students qualified for free and reduced-price 

lunch, thus the North Florida school is categorized as a high poverty or a Title 1 school. 

Academically, 39% of students scored at proficiency or higher (3 or higher) in reading 

on the state mandated assessment and only 26% of students obtained proficiency on 

the Science FCAT in 2011 (Florida Department of Education, 2011a), the highest 

reported percentage since the inception of the Science FCAT. Last, the overall school 

grade has varied throughout the years and consequently the accountability penalties or 

financial rewards. The school grade since 2000 has varied from attaining an A to 

earning Cs, Ds, and Fs (Florida Department of Education, 2012n). 

The administrative team is composed of three males that each have attained a 

Master's degree and have between 7 to 14 years of experience as an administrator 
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(Florida Department of Education, 2011d). Of the 41 instructional staff present, 19.5% 

had 1-5 years of experience teaching, 39% had 6-14 years, and 41.5% had 15 or more 

years of experience (Florida Department of Education, 2011d). Of the instructional staff, 

28.6% held advanced degrees (Florida Department of Education, 2012p), 99.3% were 

considered highly qualified under NCLB (Florida Department of Education, 2012p), 

12.2% were endorsed in reading, 15% were newly hired (Florida Department of 

Education, 2012p), and 4.9% were National Board Certified teachers (Florida 

Department of Education, 2011d).  

Within the district, 54% of students were male, 37.5% were White, 56% African 

American, 4.4% Hispanic, 0.2% Asian, and 78.2% were economically disadvantaged 

(Florida Department of Education, 2012p). Of the 2,715 students within the district, 

2,049 students were eligible for free and reduced-price lunch in 2008-2009 or 75.47% of 

the district student population (Education Information and Accountability Services, 

2009). When compared with the 1999- 2000 data, a 15.11% increase in eligibility 

occurred during the 2008-2009 school year (Education Information and Accountability 

Services, 2009). Additionally, newly hired instructional staff comprised 26.9% of the 

district, 29% of the instructional staff within the district contained advanced degrees, 

and 80.9% of classes are taught by teachers in-field (Florida Department of Education, 

2012p). 

Sample and Sampling Procedures 

This research adopted convenience sampling due to the relatively easy 

accessibility for data collection but was purposely selected because the school under 

investigation possessed unique characteristics in terms of the geographic location, 

demographic composition of the student population, and the academic performance of 
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students historically. Of the students who completed the Biology I EOC assessment, all 

students were sampled. 

Procedure for Data Collection 

After having received IRB approval (see Appendix C) and permission from the 

appropriate school district personnel (see Appendix D), student data was collected at 

the school site level. Specific information from the 2011-2012 administration of the 

Florida Biology I EOC exams was limited to Biology I EOC T-scale scores and Biology I 

student EOC performance comparable to the state. FCAT Reading Retakes 

Developmental scale scores, FCAT Reading Retakes Achievement levels, FCAT 

Reading 2.0 Developmental scale scores, FCAT Reading 2.0 Achievement levels, 

student ethnicity, eligibility for free and reduced-price lunch, gender, and student grade 

level were also collected. No individual student names or personal information was 

collected. Researcher records of student data were then compiled on a computer and a 

paper copy was also kept in a secure location. Once all student data was compiled, 

data was then coded and entered into the software program, SPSS. Twenty-one (21) 

students with missing information from the North Florida student population were then 

removed from the sample.  

Measures 

Reading Proficiency 

Reading proficiency was assessed using developmental scale scores from the 

FCAT Reading Retakes for 11th grade students and grade-level specific FCAT Reading 

2.0 for 9th and 10th grade students. 
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Socioeconomic Status 

Socioeconomic status was measured by eligibility for free and reduced-price 

lunch.  

Biology Proficiency 

Biology proficiency was assessed using T-scores obtained from the Spring 2012 

administration of the Biology I end-of-course assessment. Students that were 

categorized in the top third by the state were considered proficient or obtaining a 

passing score in biology in this study. 

Participants 

The study was conducted in a North Florida school district that contains one Title 

1 high school. Participants of this study were comprised of 43 ninth grade, 130 tenth 

grade, and 5 eleventh grade students; for a total of 178 students. Additionally, of the 

178 students, 48% qualified for free and reduced-price lunch (38.8% free and 9.6% 

reduced), 59% were White, 37% were Black, 2.2% were Hispanic, and 1.7% were 

American Indian or Alaskan native. 54 % were female, and 55% scored 3 or higher on 

the FCAT Reading (30.3% level 3, 20.2% level 4, and 4.55% level 5). Table 3-1 

represents the results of student performance by grade level from the Title 1 school 

population. Table 3-2 represents the sample of academic performance of students by 

grade level in the study. 

Method of Data Analysis 

A combination of descriptive statistics and other inferential statistical procedures 

such as a correlation (Pearson r), one-way ANOVAs, ANCOVAs, multiple- regression 

analysis, and independent samples one-tailed t tests, were utilized in the analysis of 

student data. Each appropriate test was set at a significance level of 0.05.  
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The researcher used a multiple-regression process to explore the relationship of 

predictive variables (reading proficiency, ethnicity/race, socioeconomic status, gender, 

and grade level) as they relate to the dependent variable (biology T- scale scores) in the 

study. Due to the categorical nature of some of the independent variables, coding was 

used to create vectors to represent the levels of categorical independent variable. The 

number of vectors needed for each independent variable is one less than the number of 

levels in the categorical independent variable. Therefore, for example, if there were 4 

levels of an independent variable, 3 vectors were created. Then dummy coding was 

used in which the values entered in the vectors are 1s and 0s. Each level was 

represented by one vector, either 0 or 1. The 4 categorical variables that were dummy 

coded included gender, eligibility for free and reduced-price lunch, ethnicity, and grade 

level. Appendix D represents the coding and dummy coding of variables in the study. 

 In order to initially determine the predictive variables that had a statistically 

significant relationship to biology T- scale scores, a stepwise regression procedure was 

utilized. This procedure was used to fine-tune the model by providing the data needed 

to determine the removal of variables that did not significantly contribute to biology 

achievement. Based on the initial data, variables were then added or removed to 

determine the best model that had the largest R squared and adjusted R-squared 

values, which was statistically significant, and removed highly correlated predictors. The 

statistical significance and relative importance of each predictive variable was checked 

by examining the unstandardized coefficient beta weights and the standardized beta 

weights of each predictive variable.  
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Scatterplots and histograms based on the data were created as well as 

correlation matrices, multicollinearity statistics, and a simultaneous regression analysis 

using all variables. A histogram of the residuals was examined to determine whether the 

data is relatively normally distributed. A normal P-P plot was also used to determine 

how well a specific distribution fits the observed data. An analysis of the scatterplots 

were then conducted to determine the strength of the linear line or whether the 

scatterplots were unrelated to the dependent variable. Furthermore, a scatterplot of the 

regression standardized predicted value and regression standardized residual was used 

to determine whether homoscedasticity is present in the data.  

Table 3-1.  Student performance by grade level from the Title 1 school population 

Grade 
level 

Number of 
Students 

Mean Scale 
Score 

Percent 
scoring in the 
bottom third 

Percent 
scoring in 
the middle 
third 

Percent 
scoring in the 
top third 

9 43 57 12 19 70 
10 140 46 47 30 23 
11 16 40 88 6 6 

All grades 199 48 42 26 31 

 

Table 3-2.  Sample of student performance by grade level in the study 

Grade 
level 

Number of 
Students 

Mean Scale 
Score 

Percent 
scoring in the 
bottom third 

Percent 
scoring in 
the 
middle 
third 

Percent 
scoring in the 
top third 

9 43 56.8 11.6 18.6 69.8 
10 130 47.1 44.6 30.8 24.6 
11 5 38.0 80.0 20.0 0.0 

All grades 178 49.2 37.6 27.5 34.8 
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CHAPTER 4 
RESULTS AND ANALYSIS  

As previously discussed in Chapter 2, a myriad of factors contribute to the 

performance of students in science. The purpose of this study was to determine the 

influence and relationship of four variables- reading proficiency, ethnicity, 

socioeconomic status, and gender; on biology achievement as reflected on the results 

from the Florida Biology I EOC assessment at a Title 1 school. 

The following paragraphs will include a restatement of the research questions 

and hypotheses, and the corresponding statistical analysis with further interpretation. At 

the conclusion of the chapter, a summary of the answers to each question will be 

provided. Figures 4-1 to 4-4 and tables 4-1 to 4-25 are also provided at the end of the 

chapter with a more detailed or visual depiction of the results. 

Research Questions 

 Research Question 1. Is there a significant difference in student performance on 
the end-of-course assessment in biology associated with reading proficiency? 
After adjusting for student gender, race/ethnicity, and socioeconomic status, is 
there a significant difference in student performance on the end-of -course 
assessment in biology associated with reading proficiency? 

It was hypothesized that there will be a significant difference in student 

performance on the end-of -course assessment in biology associated with reading 

proficiency. It is hypothesized that students that are more proficient readers will score 

significantly higher than their less proficient peers on the Biology I EOC assessment. 

Furthermore, more proficient students will score significantly higher that their less 

proficient peers on the Biology I EOC assessment after adjusting for student gender, 

race/ethnicity, and socioeconomic status. 
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Descriptive statistics of student performance on the FCAT Reading produced the 

following results: the mean FCAT Reading developmental scale score was 241.01 (SD 

= 20.11), with a minimum score of 188 and a maximum score of 302. 55% of students 

scored a 3 or higher on the FCAT Reading assessment. Table 4-1 summarizes the 

FCAT reading levels of students by grade. 

With alpha equal to 0.05, there was a significant relationship found between 

FCAT Reading developmental scale scores and Biology I EOC T-scale scores, r (178) = 

0.73, p < 0.05. Figure 4-1 illustrates the strong positive linear relationship between 

FCAT Reading developmental scale scores and Biology I EOC T-scale scores. Mean 

Biology I EOC T-scale scores was 56.49 (SD = 8.78) for students who scored 3 or 

higher on FCAT Reading and 40.25 (SD = 8.99) for students who scored as a level 1 or 

2 on FCAT Reading. With alpha equal to 0.05, a one tailed independent samples t-test 

indicated a significantly higher Biology I EOC T-scale score for students scoring 3 or 

higher on FCAT Reading compared to students scoring less than 3 on FCAT Reading, t 

(176) = 12.15, p < 0.05. 

Table 4-2 provides descriptive statistics on the influence of FCAT Reading level 

on Biology I EOC T-scale scores. Mean Biology I EOC T-scale scores for students 

scoring level 1, level 2, level 3, level 4, and level 5 were 37.39 (SD = 7.88), 42.83 (SD = 

9.23), 52.96 (SD = 8.24), 59.50 (SD = 7.37), and 66.75 (SD = 4.37), respectively. With 

alpha equal to 0.05, a one factor between subjects ANOVA indicated a significant effect 

of reading achievement and Biology EOC T-scale scores, F (4, 173) = 53.16, p < 0.05. 

Table 4-3 provides additional data on the results of the one-way ANOVA on FCAT 

reading levels and Biology I EOC T-scale scores. 
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Tukey post-hoc comparisons of the five FCAT Reading levels (1, 2, 3, 4, and 5) 

indicate that the students who attained a level 5 on FCAT Reading (M = 66.75, 95% Cl 

[63.10, 70.40]) scored significantly higher on the Biology I EOC than students who 

attained a level 3 (M = 52.96, 95% Cl [50.71, 55.21]), p < 0.05, level 2 (M = 42.83, 95% 

Cl [39.96, 45.71]), p < 0.05, and level 1 on FCAT Reading (M = 37.39, 95% Cl [34.81, 

39.98]), p < 0.05. Comparisons between students who attained a level 5 and level 4 on 

the FCAT Reading failed to indicate a statistically significant difference, p > 0.05. 

Students who attained a level 4 on FCAT Reading also scored significantly higher on 

the Biology I EOC than students who attained a level 3, level 2, and level 1, p < 0.05. 

Students who attained a level 3 on FCAT Reading also scored significantly higher on 

the Biology I EOC than students who attained a level 2 and level 1, p < 0.05. 

Additionally, students who attained a level 2 on FCAT Reading also scored significantly 

higher on the Biology I EOC than students who attained a level 1, p < 0.05. Table 4-4 

provides additional data on the Tukey post hoc analysis of the influence of FCAT 

Reading developmental scale scores on Biology I EOC T-scale scores. 

 The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores of the Biology I EOC T-scale scores is 

influenced by the differences in FCAT reading levels, with the covariates, ethnicity, 

socioeconomic status, and gender. The ANCOVA found that the means for students of 

varying FCAT reading levels was significant, (F = 29.87, p < 0.05) - that is, after the 

effect of the ethnicity, socioeconomic status, and gender has been accounted for. Table 

4-5 provides the results of an ANCOVA for FCAT Reading level and Biology I EOC T-

scale scores. Based upon the findings; hypothesis one was supported.  
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A further analysis of FCAT Reading developmental score data revealed 

interesting insights. Mean FCAT Reading developmental scale scores for 105 White, 66 

Black, 4 Hispanic, and 3 American Indian students were 249.17 (SD = 16.93), 228.05 

(SD = 18.65), 237.25 (SD = 15.13), and 245.33 (SD = 11.59), respectively. With alpha 

equal to 0.05, a one factor between subjects ANOVA indicated a significant effect of 

ethnicity and FCAT reading developmental scale scores, F (3, 174) = 19.78, p < 0.05. 

Tukey post-hoc comparisons of the four groups (White, Black, Hispanic, and American 

Indian or Alaskan native) indicate that the White students (M = 249.17, 95% Cl [245.90, 

252.45]) scored significantly higher on the FCAT Reading assessment than Black 

students (M = 228.05, 95% Cl [223.46, 232.63]), p < 0.05. Comparisons between the 

Hispanic (M = 237.25, 95% Cl [213.17, 261.33]) and the other three groups were not 

statistically significant, p > 0.05. Comparisons between the American Indian or Alaskan 

native (M = 245.33, 95% Cl [216.54, 274.13]) and the other three groups were not 

statistically significant, p > 0.05. Table 4-6 presents the results of the Tukey post hoc 

analysis of the influence of ethnicity on FCAT Reading developmental scale scores. 

The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores on the FCAT Reading is influenced by the 

differences in ethnicity, with the covariates, socioeconomic status and gender. The 

ANCOVA, found that the means for students of varying ethnicities was significant, (F = 

9.0, p < 0.05) - that is, after the effect of the socioeconomic status and gender has been 

accounted for. Table 4-7 provides additional ANCOVA results for ethnicity and FCAT 

Reading developmental scale scores. 
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With alpha equal to 0.05, a one factor between subjects ANOVA indicated a 

significant effect of free/reduced-price lunch eligibility and FCAT reading developmental 

scale scores, F (2, 175) = 21.16, MSE = 329.33, p < 0.05. Tukey post-hoc comparisons 

of the three groups (free, reduced, and not eligible) indicate that the students not eligible 

for free or reduced-price lunch (M = 249.16, 95% Cl [245.51, 252.82]) scored 

significantly higher on FCAT Reading than students who were eligible for free lunch (M 

= 230.38, 95% Cl [225.77, 234.99]), p < 0.05. Comparisons between the reduced-price 

lunch (M = 240, 95% Cl [231.66, 248.34]) and the other two groups were not statistically 

significant, p > 0.05. Table 4-8 provides the data for the Tukey post hoc analysis of the 

influence of socioeconomic status on FCAT Reading developmental scale scores.  

The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores of the FCAT reading developmental scale 

scores is influenced by the differences in socioeconomic status, with the covariates, 

ethnicity and gender. The ANCOVA found that the means for students eligible for free or 

reduced-price lunch and those ineligible are significant, (F = 11.67, p < 0.05) - that is, 

after the effect of ethnicity and gender has been accounted for. Table 4-9 represents the 

results of the ANCOVA for socioeconomic status and FCAT Reading developmental 

scale scores. 

Mean FCAT reading developmental scale scores was 242.46 (SD = 18.56) for 96 

females and 239.30 (SD = 21.77) for 82 males. With alpha equal to 0.05, a one tailed 

independent samples t-test indicated no significant effect of gender on FCAT reading 

developmental scale scores, t (176) = -1.043, p > 0.05. Table 4-10 represents the 

results of the independent samples t-test to determine the influence of gender on FCAT 
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Reading developmental scale scores. Based upon these findings, ethnicity and 

socioeconomic status of a student have a significant influence on FCAT reading 

developmental scale scores. 

 Research Question 2. Is there a significant difference in student performance on 
the end-of-course assessment in biology associated with race/ethnicity? After 
adjusting for reading proficiency, student gender, and socioeconomic status, is 
there a significant difference in student performance on the end-of -course 
assessment in biology associated with race/ethnicity? 

 It was hypothesized that there will be a significant difference between the 

race/ethnicity of a student and their performance on the end-of -course assessment in 

biology. It is hypothesized that students from Caucasian backgrounds will score 

significantly higher than those from other ethnic backgrounds. It is also hypothesized 

that students from Caucasian backgrounds will score significantly higher than those 

from other ethnic backgrounds after adjusting for reading proficiency, gender, and 

socioeconomic background. 

Mean Biology I EOC T-scale scores for 105 White, 66 Black, 4 Hispanic, and 3 

American Indian students were 53.77 (SD = 10.88), 42.23 (SD = 10.53), 44.75 (SD = 

10.15), and 48 (SD = 8.66), respectively. Table 4-11 provides descriptive statistics on 

the influence of ethnicity on Biology I EOC T-scale scores. With alpha equal to 0.05, a 

one factor between subjects ANOVA indicated a significant effect of ethnicity and 

Biology EOC T-scale scores, F (3, 174) = 15.92, p < 0.05. Table 4-12 provides the 

results of the one-way ANOVA on ethnicity and Biology I EOC T-scale scores. Tukey 

post-hoc comparisons of the four groups (White, Black, Hispanic, and American Indian 

or Alaskan native) indicate that the White students (M = 53.77, 95% Cl [51.67, 55.88]) 

scored significantly higher on the Biology I EOC than Black students (M = 42.23, 95% Cl 

[39.64, 44.82]), p < 0.05. Comparisons between the Hispanic (M = 44.75, 95% Cl 
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[28.61, 60.89]) and the other three groups were not statistically significant, p > 0.05. 

Comparisons between the American Indian or Alaskan native (M = 48, 95% Cl [26.49, 

69.51]) and the other three groups were not statistically significant, p > 0.05. Table 4-13 

provides data on the Tukey post hoc analysis of the influence of ethnicity on Biology I 

EOC T-scale scores. 

The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores of the Biology I EOC T-scale scores is 

influenced by the differences in ethnicity, with the covariates, reading proficiency, 

socioeconomic status, and gender. The ANCOVA, however, found that the means for 

students of varying ethnicities was not significant, (F = 0.63, p > 0.05) - that is, after the 

effect of reading proficiency, socioeconomic status, and gender has been accounted for. 

Based upon the findings; hypothesis two was rejected. 

 Research Question 3. Is there a significant difference in student performance on 
the end-of-course assessment in biology associated with socioeconomic status? 
After adjusting for reading proficiency, race/ethnicity, and student gender, is there 
a significant difference in student performance on the end-of -course assessment 
in biology associated with socioeconomic status? 

It was hypothesized that there will be a significant difference in student 

performance on the end-of -course assessment in biology associated with 

socioeconomic status. It is hypothesized that students from higher socioeconomic 

backgrounds will score significantly higher than those from lower socioeconomic 

backgrounds. It is also hypothesized that students from higher socioeconomic 

backgrounds will score significantly higher than those from lower socioeconomic 

backgrounds after adjusting for student gender, race/ethnicity, and reading proficiency. 

Mean Biology I EOC T-scale scores for students eligible for free lunch, reduced-

price lunch, and not eligible for free/reduced-price lunch were 42.57 (SD = 10.99) for 69 
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students, 48.59 (SD = 9.31) for 17 students, and 54.27 (SD = 10.72) for 92 students, 

respectively. Table 4-14 provides additional descriptive statistics on the influence of 

socioeconomic status on Biology I EOC T-scale scores. With alpha equal to 0.05, a one 

factor between subjects ANOVA indicated a significant effect of free and reduced-price 

lunch eligibility and Biology EOC T-scale scores, F (2, 175) = 23.60, MSE = 114.65, p < 

0.05. Table 4-15 provides further data on the one-way ANOVA results on 

socioeconomic status and Biology I EOC T-scale scores. Tukey post-hoc comparisons 

of the three groups (free, reduced, and not eligible) indicate that the students not eligible 

for free or reduced-price lunch (M = 54.27, 95% Cl [52.05, 56.49]) scored significantly 

higher on the Biology I EOC than students who were eligible for free lunch (M = 42.57, 

95% Cl [39.92, 45.21]), p < 0.05. Comparisons between the reduced-price lunch (M = 

48.59, 95% Cl [43.80, 53.37]) and the other two groups were not statistically significant 

when alpha was set at 0.05 ( p > 0.05), although students eligible for reduced-price 

lunch scored significantly higher than those eligible for free lunch at the p < 0.10 level. 

Table 4-16 provides additional data on a Tukey post hoc analysis of the influence of 

socioeconomic status on Biology I EOC T-scale scores. 

The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores of the Biology I EOC T-scale scores is 

influenced by the differences in socioeconomic status, with the covariates, reading 

proficiency, ethnicity, and gender. The ANCOVA, however, found that the marginal 

means for students eligible for free and reduced-price lunch and those ineligible are not 

significant, (F = 1.84, p > 0.05) - that is, after the effect of reading proficiency, ethnicity, 
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and gender has been accounted for. Based upon the findings; hypothesis three was 

rejected.  

 Research Question 4. Is there a significant difference in student performance on 
the end-of-course assessment in biology associated with gender? After adjusting 
for reading proficiency, race/ethnicity, and socioeconomic status, is there a 
significant difference in student performance on the end-of -course assessment 
in biology associated with gender? 

It was hypothesized that there will be a significant difference in student 

performance on the end-of -course assessment in biology associated with gender. It is 

hypothesized that males will score significantly higher than females on the Biology I 

end-of -course assessment. It is hypothesized that males will score significantly higher 

on the end-of -course assessment in biology after adjusting for reading proficiency, 

race/ethnicity, and socioeconomic background. 

Mean Biology I EOC T-scale scores was 50.68 (SD = 11.53) for 96 females and 

47.45 (SD = 12.36) for 82 males. Table 4-17 provides additional data regarding 

descriptive statistics on the influence of gender on Biology I EOC T-scale scores. With 

alpha equal to 0.05, a one tailed independent samples t-test indicated no significant 

effect of gender on Biology I EOC T-scale scores, t (176) = -1.80, p > 0.05. Levene's 

Test for Equality of Variances indicates variances for males and females do not differ 

significantly from each other (p = 0.63). Table 4-18 provides additional data on the 

independent samples t-test to determine the influence of gender on Biology I EOC T-

scale scores. 

The analysis of covariance (ANCOVA) was used to investigate the hypothesis 

that the observed difference in mean scores of the Biology I EOC T-scale scores is 

influenced by gender differences and the covariates, reading proficiency, ethnicity, and 

socioeconomic status. The ANCOVA indicated that the marginal means for both male 
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and female students are not significant, (F = 1.93, p > 0.05) - that is, after the effect of 

reading proficiency, ethnicity, and socioeconomic status had been accounted for. Based 

upon the findings; hypothesis four was rejected. 

Research Question 5. What are the best predictors of student performance on 

the Biology end-of-course assessment? 

It was hypothesized that reading proficiency, ethnicity, and socioeconomic status 

will serve as significant predictors of student performance on the Biology end-of-course 

assessments. 

During the stepwise regression procedure, a correlation matrix was produced 

that indicates the relationship between each variable and the dependent variable (see 

Table 4-19). Statistically significant correlations between Biology T-scale scores and the 

following variables were found: FCAT Reading developmental scale scores (0.73), 

student gender (0.13), White students (0.46), Black students (-0.45), students not 

eligible for free and reduced-price lunch (0.44), students eligible for free lunch (-0.44), 

minority students (0.46), and students enrolled in the 9th and 10th grade (-0.29), and 

the 11th grade (-0.16), p < 0.05. Other notable significant correlations existed between 

FCAT reading developmental scale scores and grade level (-0.24), White students 

(0.49), Black students (-0.50), students not eligible for free or reduced-price lunch 

(0.42), students eligible for free lunch (-0.42), minority students (0.49), and students 

enrolled in the 9th and 10th grade (-0.15), and the 11th grade (-0.15), p < 0.05.  

Table 4- 20 reports the summary results of the four models as an outcome of the 

stepwise multiple regression procedure. As the number of predictors increased, the R 

value also increased from 0.73 to 0.77. Therefore, model 4 (which includes the 
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predictive variables FCAT reading developmental scale scores, grade levels 9-11, and 

students eligible for free lunch) had a statistically significant correlation of 0.77. The R 

square for this model was 0.60, therefore indicating that 60% of the variance in the 

Biology T-scale scores can be explained by the four predictive variables (FCAT reading 

developmental scale scores, grade levels 9-11, and students eligible for free lunch). The 

adjusted R square value (which takes into consideration the sample size and number of 

predictors) remained at 0.59, thus illustrating that 59% of the variance in biology scores 

is still attributable to the four aforementioned variables. Other analysis using an ANOVA 

indicated a significant effect of FCAT Reading developmental scale scores, grade level, 

and students eligible for free lunch and Biology EOC T-scale scores, F (4, 173) = 63.58, 

p < 0.05 (see Table 4-21). 

After adding and removing other predictive variables that were statistically 

significant on Biology T-scale scores in the previous correlation matrix (from Table 4-19) 

such as White students (RegressionWhite), Black students (RegressionBlack), students 

not eligible for free and reduced-price lunch (RegressionNOTeligible), and minority 

students (Regressionminority); the researcher selected the model that had the largest R 

squared and adjusted R-squared values, which was statistically significant, and 

removed highly correlated predictors. Notable significant correlations that affected the 

selection of variables for the model included: the high correlation between students not 

eligible for free and reduced-price lunch and White students (0.50), Black students and 

eligibility for free lunch (0.42), White students and FCAT Reading developmental scale 

scores (0.49), and Black students and FCAT Reading developmental scale scores (-

0.50); thereby indicating that there are intercorrelations or multicollinearity amongst the 
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predictor variables. The researcher, in order to eliminate redundancy of predictor 

variables or multicollinearity as well as achieve parsimony of the regression model, 

removed the following predictive variables from the model- White students, Black 

students, and students not eligible for free and reduced-price lunch. 

Consequently, four predictive variables remained in the model, notably FCAT 

Reading developmental scale scores, grade levels 9 and 10, and grade level 11, and 

students eligible for free lunch. Table 4-22 summarizes the relationship of each of these 

variables to each other and the dependent variable, Biology T-scale scores, all of which 

were significant at the 0.05 level. According to the correlation matrix, Biology T-scale 

scores were significantly related to FCAT Reading developmental scale scores (0.73), 

eligibility for free lunch (-0.44), students in the 9th and 10th grade (-0.29), and students 

in the 11th grade (-0.16). Therefore indicating that students with higher FCAT Reading 

developmental scale scores had higher Biology T-scale scores. Furthermore, students 

eligible for free lunch and those in higher grades earned lower Biology T-scale scores. 

Based upon the findings; hypothesis five was rejected. 

A summary of the model (Table 4-23) indicates that all four predictive variables 

collectively contribute to 60% of the variance in Biology T-scale scores. The adjusted R 

squared value is also 59%, after factoring in the sample size and number of predictive 

variables. There is also a significant correlation between the four predictor variables and 

the dependent variable (R = 0.77). Last, the Durbin-Watson test is a test that is used to 

determine whether the residuals from a multiple regression are independent. The 

statistic of 1.52 falls within the critical values of the Durbin-Watson statistic based on 
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sample size and number of regressors, and therefore the residuals are independent and 

there are no meaningful serial correlations.  

The results of an ANOVA (Table 4-24) show that with an alpha equal to 0.05, a 

significant effect of FCAT Reading developmental scale scores, grade level, and 

eligibility for free lunch and Biology EOC T-scale scores, F (4, 177) = 63.58, MSE = 

3790.25, p < 0.05. Table 4-25 provides additional information regarding the contribution 

of each predictor variable to the model. According to the results using standardized beta 

(β) coefficients, FCAT Reading developmental scale scores contribute 0.63 to the 

predictive model, whereas students eligible for free lunch -0.13, students enrolled in the 

9th and 10th grade -0.20, and students enrolled in the 11th grade -0.11, p < 0.05. 

Therefore, students with higher FCAT Reading developmental scale scores had higher 

Biology T-scale scores, after controlling for the other variables in the model. The 

eligibility for free lunch and grade level had a significant negative weight, indicating that 

students who were eligible for free lunch and were in higher grades had lower Biology 

T-scale scores (a suppressor effect). Unstandardized B coefficients also indicate that 

FCAT Reading developmental scale scores contributes 0.38 to the predictive model, 

students eligible for free lunch -3.09, students enrolled in 9th and 10th grade -5.36, and 

students enrolled in the 11th grade -8.01. Therefore, for each added point or every unit 

increase on the FCAT Reading developmental scale score, Biology T-scale scores will 

increase by 0.38 (holding all other variables constant). Conversely, eligibility for free 

lunch, enrollment in the 10th and 11th grade reduces biology scores by 3.09, 5.36, and 

8.01 points respectively (holding all other variables constant).  
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To ensure that all the assumptions of a multiple regression were met- that is, that 

variables are normally distributed, an assumption of a linear relationship between the 

independent and dependent variable, the measurement of variables without error, and 

the assumption of homoscedasticity; a combination of various visual aids were created. 

To test the normal distribution of the variables, a histogram of the frequency of 

regression standardized residuals was created (Figure 4-2). The visual inspection 

indicates that the distribution is indeed relatively normal. To test whether a linear 

relationship between the independent and dependent variables existed, a normal P-P 

plot was used, which indicates a linear relationship (Figure 4-3). To test whether the 

variables were measured without error, a reduction in the number of independent 

variables in the model was used as well as the inclusion of the adjusted R2. To test the 

assumption of homoscedasticity, a visual inspection of a plot of the standardized 

residuals by the regression standardized predicted value was undertaken (Figure 4-4) 

which indicates a relatively even distribution, thus satisfying this assumption. 

Collectively, all assumptions were met, thus reducing the probability of Type I and II 

errors. 

The regression equation therefore is: 

Biology score = (0.379*FCAT reading developmental scale score) + (-5.356* 

student enrolled in the 9th or 10th grade) + (-8.009 * student enrolled in the 11th grade) 

+ (-3.085* student eligible for free lunch) - 36.697 

Summary 

The purpose of this section is to describe the quantitative results of the data 

analysis of this study. The findings indicated that FCAT Reading developmental scale 

scores are strongly correlated with Biology I EOC T-scale scores. Students who 
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attained high FCAT Reading developmental scale scores scored significantly higher on 

the Biology I EOC assessment than students who attained low FCAT Reading 

developmental scale scores. However, there were no significant differences found on 

the influence of ethnicity on Biology I EOC T-scale scores when scores were adjusted 

for reading proficiency, socioeconomic status, and gender. No significant differences 

were also found on the influence of socioeconomic status on Biology I EOC T-scale 

scores when scores were adjusted for reading proficiency, ethnicity, and gender. Last, 

no significant differences were found on the influence of gender on Biology I EOC T-

scale scores when scores were adjusted for reading proficiency, ethnicity, and 

socioeconomic status. 

The significant predictors for biology scores on the end-of-course assessment 

included: FCAT Reading developmental scale scores, grade level, and eligibility for free 

lunch. FCAT Reading developmental scale scores, grade level, and eligibility for free 

lunch explained 60% of the variance in biology scores. FCAT Reading developmental 

scale scores, grade level, and eligibility for free lunch collectively, is also significantly 

correlated to biology scores. FCAT Reading developmental scale scores was the most 

significant contributor to the predictive model, followed by enrollment in either the 9th or 

10th grade, eligibility for free lunch, and enrollment in the 11th grade. 

Students with higher FCAT Reading developmental scale scores are predicted to 

earn higher biology scores whilst students enrolled in higher grades and eligible for free 

lunch are predicted to earn lower biology scores, after controlling for other variables in 

the study. Additionally, for every added point or every unit increase on the FCAT 

Reading developmental scale score, Biology T-scale scores will increase by 0.38 
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(holding all other variables constant). Conversely, eligibility for free lunch and enrollment 

in the 10th and 11th grade reduces biology scores by 3.09, 5.36, and 8.01 points, 

respectively (holding all other variables constant).The regression equation is: Biology 

score = (0.379*FCAT reading developmental scale score) + (-5.356* student enrolled in 

the 9th or 10th grade) + (-8.009 * student enrolled in the 11th grade) + (-3.085* student 

eligible for free lunch) - 36.697 

 
 

Figure 4-1.  The relationship between FCAT Reading developmental scale scores and  
Biology I EOC T-scale scores 

 
 

Figure 4-2.  A histogram of the frequency of regression standardized residuals obtained 
from the initial stepwise regression analysis 
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Figure 4-3.  A Normal P-P plot of regression standardized residual that was used to 
determine how well a specific distribution fits the observed data 

 
 

Figure 4-4.  A scatterplot used to visually determine homoscedasticity of the data used 
in the initial stepwise regression analysis 
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Table 4-1.  FCAT Reading level distribution by grade 
 

 Grade Level Total 

9 10 11 

FCAT Reading 
Level 

1 2 34 2 38 

2 7 32 3 42 

3 15 39 0 54 

4 16 20 0 36 

5 3 5 0 8 

Total 43 130 5 178 

 

Table 4-2.  Descriptive statistics on the influence of FCAT Reading level on Biology I 
EOC T-scale scores 

 
Table 4-3.  One-way ANOVA results on FCAT reading levels and Biology I EOC T-scale 

scores 

ANOVA 

Biology T-scale scores  
 Sum of 

Squares 
df Mean Square F Sig. 

Between Groups 14046.167 4 3511.542 53.162 .000 
Within Groups 11427.338 173 66.054   
Total 25473.506 177    

 
Table 4-4.  Tukey post hoc analysis of the influence of FCAT Reading developmental 

scale scores on Biology I EOC T-scale scores 

Multiple Comparisons 

Dependent Variable:  Biology T-scale score  

Tukey HSD  

 
 
 

Descriptives 

Dependent variable: Biology T-scale score  
FCAT 
Reading 
level 

N Mean Std. 
Deviation 

Std. 
Error 

95% Confidence 
Interval for Mean 

Minimu
m 

Maximu
m 

Lower 
Bound 

Upper 
Bound 

1 38 37.39 7.876 1.278 34.81 39.98 20 50 
2 42 42.83 9.234 1.425 39.96 45.71 20 59 
3 54 52.96 8.242 1.122 50.71 55.21 20 67 
4 36 59.50 7.374 1.229 57.01 61.99 43 78 
5 8 66.75 4.367 1.544 63.10 70.40 58 72 

Total 178 49.19 11.997 .899 47.42 50.97 20 78 
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Table 4-4.  Continued. 

(I) FCAT 
Reading 
Level 

(J) FCAT 
Reading 
Level 

Mean 
Difference 
(I-J) 

Std. Error Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

1 

2 -5.439* 1.820 .026 -10.45 -.42 
3 -15.568* 1.721 .000 -20.31 -10.82 
4 -22.105* 1.890 .000 -27.32 -16.89 
5 -29.355* 3.161 .000 -38.07 -20.64 

2 

1 5.439* 1.820 .026 .42 10.45 
3 -10.130* 1.672 .000 -14.74 -5.52 
4 -16.667* 1.846 .000 -21.76 -11.58 
5 -23.917* 3.135 .000 -32.56 -15.27 

3 

1 15.568* 1.721 .000 10.82 20.31 
2 10.130* 1.672 .000 5.52 14.74 
4 -6.537* 1.749 .002 -11.36 -1.72 
5 -13.787* 3.079 .000 -22.27 -5.30 

4 

1 22.105* 1.890 .000 16.89 27.32 
2 16.667* 1.846 .000 11.58 21.76 
3 6.537* 1.749 .002 1.72 11.36 
5 -7.250 3.177 .156 -16.01 1.51 

5 

1 29.355* 3.161 .000 20.64 38.07 
2 23.917* 3.135 .000 15.27 32.56 
3 13.787* 3.079 .000 5.30 22.27 
4 7.250 3.177 .156 -1.51 16.01 

*. The mean difference is significant at the 0.05 level. 
 
Table 4-5.  ANCOVA results for FCAT Reading level and Biology I EOC T-scale scores 

Tests of Between-Subjects Effects 

Dependent Variable:  Biology T-scale score  

Source Type III 
Sum of 
Squares 

df Mean 
Square 

F Sig. Partial 
Eta 
Squared 

Corrected Model 14538.355a 7 2076.908 32.288 .000 .571 

Intercept 14911.548 1 14911.548 231.818 .000 .577 

Gender 112.080 1 112.080 1.742 .189 .010 
Ethnicity 89.755 1 89.755 1.395 .239 .008 
Free and Reduced Lunch 
Eligibility 

196.811 1 196.811 3.060 .082 .018 

FCAT Reading Level 7686.254 4 1921.564 29.873 .000 .413 
Error 10935.150 170 64.324    
Total 456190.000 178     
Corrected Total 25473.506 177     

a. R Squared = .571 (Adjusted R Squared = .553) 
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Table 4-6.  Tukey post hoc analysis of the influence of ethnicity on FCAT Reading 
developmental scale scores 

 
Table 4-7.  ANCOVA results for ethnicity and FCAT Reading developmental scale 

scores 

Tests of Between-Subjects Effects 

Dependent Variable:  FCAT Reading Developmental Scale Score  

Source Type III Sum 
of Squares 

df Mean 
Square 

F Sig. Partial Eta 
Squared 

Corrected Model 21870.421a 5 4374.084 15.139 .000 .306 

Intercept 
404168.234 1 404168.23

4 
1398.828 .000 .891 

Gender 34.044 1 34.044 .118 .732 .001 
Free and Reduced 
Lunch Eligibility 

3603.971 1 3603.971 12.473 .001 .068 

Ethnicity 7800.229 3 2600.076 8.999 .000 .136 
Error 49696.574 172 288.934    

Total 
10410467.00

0 
178     

Corrected Total 71566.994 177     

a. R Squared = .306 (Adjusted R Squared = .285) 

Multiple Comparisons 

Dependent Variable:  FCAT Reading Developmental Scale Score  

Tukey HSD  

(I) Ethnicity (J) Ethnicity Mean 
Difference  
(I-J) 

Std. Error Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

White 

Black 21.126* 2.751 .000 13.99 28.26 

Hispanic 11.921 8.922 .541 -11.22 35.06 

American Indian or 
Alaskan native 

3.838 10.255 .982 -22.76 30.44 

Black 

White -21.126* 2.751 .000 -28.26 -13.99 

Hispanic -9.205 9.018 .738 -32.60 14.19 

American Indian or 
Alaskan native 

-17.288 10.338 .342 -44.11 9.53 

Hispanic 

White -11.921 8.922 .541 -35.06 11.22 

Black 9.205 9.018 .738 -14.19 32.60 

American Indian or 
Alaskan native 

-8.083 13.376 .931 -42.78 26.61 

American 
Indian or 
Alaskan native 

White -3.838 10.255 .982 -30.44 22.76 

Black 17.288 10.338 .342 -9.53 44.11 

Hispanic 8.083 13.376 .931 -26.61 42.78 

*. The mean difference is significant at the 0.05 level. 
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Table 4-8.  Tukey post hoc analysis of the influence of socioeconomic status on FCAT 
Reading developmental scale scores 

Table 4-9.  ANCOVA results for socioeconomic status and FCAT Reading 
developmental scale scores 

Tests of Between-Subjects Effects 

Dependent Variable:  FCAT Reading Developmental Scale Score  

 
Table 4-10.  Independent samples t-test to determine the influence of gender on FCAT 

Reading developmental scale scores 

Independent Samples Test 
 
 
 

Multiple Comparisons 

Dependent Variable:  FCAT Reading Developmental Scale Score  

Tukey HSD  

(I) What is the 
eligibility of the 
student regarding 
free/reduced 
lunch? 

(J) What is the 
eligibility of the 
student regarding 
free/reduced 
lunch? 

Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Free 
Reduced -9.623 4.914 .126 -21.24 1.99 

Not eligible -18.786* 2.890 .000 -25.62 -11.95 

Reduced 
Free 9.623 4.914 .126 -1.99 21.24 

Not eligible -9.163 4.791 .138 -20.49 2.16 

Not eligible 
Free 18.786* 2.890 .000 11.95 25.62 

Reduced 9.163 4.791 .138 -2.16 20.49 

*. The mean difference is significant at the 0.05 level. 

 

Source Type III Sum of 
Squares 

df Mean Square F Sig. Partial 
Eta 
Squar
ed 

Corrected Model 17768.985a 4 4442.246 14.285 .000 .248 

Intercept 
593592.022 1 593592.022 1908.8

33 
.000 .917 

Ethnicity 3697.918 1 3697.918 11.892 .001 .064 
Gender 135.660 1 135.660 .436 .510 .003 
Free and Reduced 
Lunch Eligibility 

7260.215 2 3630.108 11.673 .000 .119 

Error 53798.010 173 310.971    
Total 10410467.000 178     
Corrected Total 71566.994 177     

a. R Squared = .248 (Adjusted R Squared = .231) 
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Table 4-10. Continued. 

 Levene's 

Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig.  

(2-

tailed) 

Std. 

Error 

Differe

nce 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

FCAT 

Reading 

Develop-

mental 

Score 

Equal 

variances 

assumed 

3.197 .075 -1.043 176 .298 3.023 -9.119 2.812 

Equal 

variances 

not 

assumed 

  -1.030 160.158 .304 3.061 -9.199 2.892 

 
Table 4-11.  Descriptive statistics on the influence of ethnicity on Biology I EOC T-scale 

scores 

 
Table 4-12.  One-way ANOVA results on ethnicity and Biology I EOC T-scale scores 

Descriptives 

Biology T-scale scores  

Ethnicity N Mean Std. 
Deviation 

Std. 
Error 

95% Confidence 
Interval for 
Mean 

Minimu
m 

Maxi
mum 

Lower 
Bound 

Upper 
Bound 

White 105 53.77 10.883 1.062 51.67 55.88 20 78 
Black 66 42.23 10.532 1.296 39.64 44.82 20 64 
Hispanic 4 44.75 10.145 5.072 28.61 60.89 35 59 
American 
Indian or 
Alaskan native 

3 48.00 8.660 5.000 26.49 69.51 43 58 

Total 178 49.19 11.997 .899 47.42 50.97 20 78 

Biology T-scale scores   Sum of 

Squares 

df Mean Square F Sig. 

Between Groups 5486.650 3 1828.883 15.922 .000 

Within Groups 19986.855 174 114.867   

Total 25473.506 177    
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Table 4-13.  Tukey post hoc analysis of the influence of ethnicity on Biology I EOC T-
scale scores 

 
Table 4-14.  Descriptive statistics on the influence of socioeconomic status on Biology I 

EOC T-scale scores 

Biology T-scale score 

Categories N Mean Std. 
Deviation 

Std. 
Error 

95% Confidence 
Interval for Mean 

Minimu
m 

Maxim
um 

Lower 
Bound 

Upper 
Bound 

Free 69 42.57 10.994 1.324 39.92 45.21 20 63 
Reduced 17 48.59 9.308 2.257 43.80 53.37 32 64 
Not 
eligible 

92 54.27 10.720 1.118 52.05 56.49 20 78 

Total 178 49.19 11.997 .899 47.42 50.97 20 78 

Multiple Comparisons 
Dependent Variable:  Biology T-scale score  

Tukey HSD  

(I) Ethnicity (J) Ethnicity Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence Interval 
Lower 
Bound 

Upper Bound 

White 

Black 11.544* 1.684 .000 7.18 15.91 
Hispanic 9.021 5.460 .352 -5.14 23.18 
American 
Indian or 
Alaskan 
native 

5.771 6.276 .794 -10.51 22.05 

Black 
 

White -11.544* 1.684 .000 -15.91 -7.18 

Hispanic -2.523 5.519 .968 -16.84 11.79 

American 
Indian or 
Alaskan 
native 

-5.773 6.327 .798 -22.18 10.64 

Hispanic White -9.021 5.460 .352 -23.18 5.14 
 Black 2.523 5.519 .968 -11.79 16.84 

 

American 
Indian or 
Alaskan 
native 

-3.250 8.186 .979 -24.48 17.98 

American 
Indian or 
Alaskan 
native 

White 

-5.771 6.276 .794 -22.05 10.51 

 Black 5.773 6.327 .798 -10.64 22.18 
 Hispanic 3.250 8.186 .979 -17.98 24.48 
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Table 4-15.  One-way ANOVA results on socioeconomic status and Biology I EOC T-
scale scores 

ANOVA 

Biology T-scale score 

 Sum of 
Squares 

df Mean Square F Sig. 

Between Groups 5410.225 2 2705.112 23.595 .000 
Within Groups 20063.281 175 114.647   
Total 25473.506 177    

 
Table 4-16.  Tukey post hoc analysis of the influence of socioeconomic status on 

Biology I EOC T-scale scores 

 
Table 4-17.  Descriptive statistics on the influence of gender on Biology I T-scale scores 

 
Table 4-18.  Independent samples t-test to determine the influence of gender on Biology 

I EOC T-scale scores 

 

Multiple Comparisons 

Dependent Variable:  Biology T-scale scores  

Tukey HSD  

(I) What is the 
eligibility of the 
student regarding 
free/reduced 
lunch? 

(J) What is the 
eligibility of the 
student regarding 
free/reduced 
lunch? 

Mean 
Differenc
e (I-J) 

Std. Error Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Free 
Reduced -6.023 2.899 .097 -12.88 .83 
Not eligible -11.707* 1.705 .000 -15.74 -7.68 

Reduced 
Free 6.023 2.899 .097 -.83 12.88 
Not eligible -5.684 2.827 .113 -12.37 1.00 

Not eligible 
Free 11.707* 1.705 .000 7.68 15.74 
Reduced 5.684 2.827 .113 -1.00 12.37 

*. The mean difference is significant at the 0.05 level. 

Group Statistics 

 Gender N Mean Std. Deviation Std. Error Mean 

Biology T-scale 

score 

males 82 47.45 12.361 1.365 

females 96 50.68 11.533 1.177 

 t-test for Equality of Means 

t df Sig.  

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 
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Table 4-18. Continued.  

 
Table 4-19.  Correlation matrix indicating the relationship between possible predictive 

variables and Biology I EOC T-scale scores 
 BioTs

core 

RDevS

core 

Regres

White 

Regres

sBlack 

Regres

sHispa

nic 

Regre

ssAmI

nAlNa 

Regre

sGEN

DER 

Regres

sNOTeli

gible 

Regres

sreduc

edeligi

ble 

Pe

ars

on 

Co

rre

lati

on 

BioTsc

ore 

1.000 .733 .459 -.447 -.056 -.013 .134 .439 -.016 

RDevS

core 

.733 1.000 .488 -.496 -.028 .028 .078 .421 -.016 

Regres

sWhite 

.459 .488 1.000 -.921 -.182 -.157 .077 .497 -.157 

Regres

sBlack 

-.447 -.496 -.921 1.000 -.116 -.101 -.107 -.491 .146 

Regres

sHispa

nic 

-.056 -.028 -.182 -.116 1.000 -.020 .064 -.005 -.049 

Regres

sAmIn

AlNa 

-.013 .028 -.157 -.101 -.020 1.000 .033 -.048 .106 

Regres

sGEN

DER 

.134 .078 .077 -.107 .064 .033 1.000 .076 -.006 

 

 t df Sig.  

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% 

Confid

ence 

Interva

l of the 

Differe

nce 

 

      Lower Upper 

Biolog

y T-

scale 

score 

Equal 

variances 

assumed 

-1.799 176 .074 -3.226 1.793 -6.764 .312 

Equal 

variances 

not assumed 

-1.790 167.354 .075 -3.226 1.802 -6.784 .333 
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Table 4-19. Continued. 

  

BioTs

core 

RDevS

core 

Regres

White 

Regres

sBlack 

Regres

sHispa

nic 

Regre

ssAmI

nAlNa 

Regre

sGEN

DER 

Regres

sNOTeli

gible 

Regres

sreduc

edeligi

ble 

 

Regres

sNOTel

igible 

.439 .421 .497 -.491 -.005 -.048 .076 1.000 -.336 

 

Regres

sreduc

edeligi

ble 

-.016 -.016 -.157 .146 -.049 .106 -.006 -.336 1.000 

 

Regres

sfreelu

nch 

-.441 -.422 -.415 .416 .035 -.015 -.074 -.823 -.259 

 

Regres

sminori

ty 

.459 .488 1.000 -.921 -.182 -.157 .077 .497 -.157 

 
Regres

s10 

-.287 -.148 -.121 .178 -.079 -.117 -.257 -.208 .025 

 
Regres

s11 

-.159 -.149 -.204 .221 -.026 -.022 -.048 -.176 .176 

 
RDevS

core 

.000 . .000 .000 .353 .354 .149 .000 .415 

 

Regre

ssWhit

e 

.000 .000 . .000 .008 .018 .153 .000 .018 

Regre

ssBlac

k 

.000 .000 .000 . .061 .091 .077 .000 .026 

Regre

ssHisp

anic 

.228 .353 .008 .061 . .396 .198 .473 .257 

Regre

ssAmI

nAlNa 

.431 .354 .018 .091 .396 . .329 .262 .080 

Regre

ssGEN

DER 

.037 .149 .153 .077 .198 .329 . .156 .466 
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Table 4-19. Continued. 

 
Table 4-20.  Results of stepwise regression model indicating significant predictive 

variables on Biology I EOC T-scale scores 

Model Summarye 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

Durbin-Watson 

1 .733a .538 .535 8.179  

3 .764c .584 .577 7.800  

4 .771d .595 .586 7.721 1.513 

a. Predictors: (Constant), RDevScore 

c. Predictors: (Constant), RDevScore, Regress10, Regressfreelunch 

d. Predictors: (Constant), RDevScore, Regress10, Regressfreelunch, Regress11 

e. Dependent Variable: BioTscore 

 

Table 4-21.  ANOVA results of stepwise regression model indicating significant 
predictive variables on Biology I EOC T-scale scores 

ANOVAa 

 
 

  

BioTs

core 

RDevS

core 

Regres

White 

Regres

sBlack 

Regres

sHispa

nic 

Regre

ssAmI

nAlNa 

Regre

sGEN

DER 

Regres

sNOTeli

gible 

Regres

sreduc

edeligi

ble 

 

Regre

ssNOT

eligible 

.000 .000 .000 .000 .473 .262 .156 . .000 

Regre

ssredu

cedelig

ible 

.414 .415 .018 .026 .257 .080 .466 .000 . 

Regre

ssfreel

unch 

.000 .000 .000 .000 .322 .423 .162 .000 .000 

 

Regre

ssmino

rity 

.000 .000 .000 .000 .008 .018 .153 .000 .018 

Regre

ss10 

.000 .024 .054 .009 .148 .060 .000 .003 .369 

Regre

ss11 

.017 .023 .003 .001 .366 .384 .264 .009 .009 
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Table 4-21. Continued. 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 

Regression 13700.338 1 13700.338 204.810 .000b 

Residual 11773.168 176 66.893   

Total 25473.506 177    

2 
Regression 14524.794 2 7262.397 116.079 .000c 

Residual 10948.711 175 62.564   

 
Table 4-21. Continued. 

 Total 25473.506 177    

3 

Regression 14886.382 3 4962.127 81.553 .000d 

Residual 10587.124 174 60.846   

Total 25473.506 177    

4 

Regression 15161.011 4 3790.253 63.584 .000e 

Residual 10312.494 173 59.610   

Total 25473.506 177    

 
Table 4-22.  Correlation matrix results of regression model indicating significant 

predictive variables on Biology I EOC T-scale scores 

Correlations 

 BioTscor

e 

RDevSc

ore 

Regressfreelun

ch 

Regress1

0 

Regress1

1 

Pearson 

Correlati

on 

BioTscore 1.000 .733 -.441 -.287 -.159 

RDevScore .733 1.000 -.422 -.148 -.149 

Regressfreelun

ch 

-.441 -.422 1.000 .198 .074 

Regress10 -.287 -.148 .198 1.000 -.280 

Regress11 -.159 -.149 .074 -.280 1.000 

Sig. (1- BioTscore . .000 .000 .000 .017 

tailed) RDevScore .000 . .000 .024 .023 

 
Regressfreelun

ch 

.000 .000 . .004 .163 

 Regress10 .000 .024 .004 . .000 

 Regress11 .017 .023 .163 .000 . 
 

a. Dependent Variable: BioTscore 

b. Predictors: (Constant), RDevScore 

c. Predictors: (Constant), RDevScore, Regress10 

d. Predictors: (Constant), RDevScore, Regress10, Regressfreelunch 

e. Predictors: (Constant), RDevScore, Regress10, Regressfreelunch, Regress11 
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Table 4-23.  Results of regression model indicating significant predictive variables on 
Biology I EOC T-scale scores 

Model Summaryb 

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

Durbin-Watson 

1 .771a .595 .586 7.721 1.513 

a. Predictors: (Constant), Regress11, Regressfreelunch, Regress10, RDevScore 

b. Dependent Variable: BioTscore 

 

Table 4-24.  ANOVA results of regression model indicating significant predictive 
variables on Biology I EOC T-scale scores 

ANOVAa 

Model Sum of 

Squares 

df Mean 

Square 

F Sig. 

1 

Regression 15161.011 4 3790.253 63.584 .000b 

Residual 10312.494 173 59.610   

Total 25473.506 177    

a. Dependent Variable: BioTscore 
Table 4-24. Continued. 

b. Predictors: (Constant), Regress11, Regressfreelunch, Regress10, RDevScore 

 

Table 4-25.  Results of regression model indicating significant predictive variables on 
Biology I EOC T-scale scores 

Model Unstandardized 

Coefficients 

Standa

rdized 

Coeffic

ients 

t Sig. Collinearity 

Statistics 

B Std. 

Error 

Beta Tolerance VIF 

1 
(Constant) -36.697 8.219  -4.465 .000   

RDevScore .379 .032 .634 11.706 .000 .797 1.255 

 
Regressfreelun

ch 

-3.085 1.328 -.126 -2.323 .021 .800 1.250 

 Regress10 -5.356 1.405 -.199 -3.812 .000 .861 1.161 

 Regress11 -8.009 3.731 -.111 -2.146 .033 .881 1.135 
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CHAPTER 5 
DISCUSSION 

Florida's Next Generation Strategic Plan operates under the premise that 

measuring student achievement through EOC assessments would serve as a tool of 

ensuring students are globally competitive for college and future careers (Florida 

Department of Education, 2005b). Starting in the 2012-2013 academic year, the state 

requires students  to pass the one such assessment, the Biology EOC, with a 

satisfactory score or higher to obtain the course credit required to graduate (The Florida 

Legislature, 2012). Like similar assessments, the Biology EOC influences student 

outcomes such as retention and graduation rates--which are data indicators for school 

accountability that determines overall school grades (The Florida Legislature, 2012) and 

serve as the basis of teacher evaluations (The Florida Legislature, 2010).  

This increased accountability makes the ability to make more informed decisions 

increasingly important. Thus, the purpose of this study is two-fold: (1) to examine four 

variables-- reading proficiency, ethnicity, socioeconomic status, and gender--to 

determine their influence on biology achievement as reflected on the results from the 

Florida Biology I EOC assessment at a Title 1 school, and (2) to predict which student 

characteristics are most influential on biology scores.  

Of all four variables identified, reading proficiency (which is determined by FCAT 

Reading developmental scale scores) was the sole variable that had a significant 

influence on Biology I EOC T-scale scores. Results indicated that students scoring 3 or 

higher on FCAT Reading scored significantly higher on the Biology EOC than their 

peers who obtained lower FCAT reading scores. This finding regarding the importance 

of reading proficiency on science achievement is consistent with previous research that 
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more proficient readers obtained significantly higher scores on science assessments 

than their less proficient peers (Cromley, 2009; Dempster & Reddy, 2007; Haught & 

Wall, 2004; Medina & Mishra, 1994; O'Reilly & McNamara, 2007).  

However, identifying the mechanism involved in reading that contributes to the 

disparity in scores is beyond the scope of this research.  Nor can any conclusions be 

unequivocally made that improving FCAT Reading scores will increase Biology EOC 

scores. Because the causal-comparative approach of this study relies on determining 

the reason for differences in Biology I EOC scores after the fact, no cause-and-effect 

conclusions can be definitively drawn due to the lack of randomization, manipulation, 

and control.  

Although reading proficiency, as indicated by FCAT Reading levels, was found to 

be the sole variable that influences student achievement in biology, results indicate that 

reading proficiency itself is influenced by ethnicity and socioeconomic status. In the 

sample group, 80% of African Americans qualified for free and reduced-price lunch—

compared to 28% of the White students and 50% of Hispanic students. Thus the group 

demonstrated a correlation of ethnicity and socioeconomic status.  Furthermore, the 

study revealed the high correlation between students not eligible for free and reduced-

price lunch and White students, Black students and eligibility for free lunch, White 

students and FCAT Reading developmental scale scores, and Black students and 

FCAT Reading developmental scale scores. Thus the research revealed strong 

correlations between ethnicity, socioeconomic status, and reading performance. 

 Nevertheless, results indicated that White students scored significantly higher 

than Black students on reading assessments and that students ineligible for free and 
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reduced-price lunch scored significantly higher than eligible students . This finding is 

consistent with previous studies (College Board, 2011; National Center for Education 

Statistics, 2011; U.S. Department of Education, National Center for Education Statistics, 

2012). Therefore, although ethnicity and socioeconomic status did not have a direct 

impact on biology achievement, those variables indirectly influence it by directly 

affecting reading proficiency. Again, no indisputable conclusions can be made regarding 

how or why those effects exist since such questions lie outside the scope of this 

research.  

This research also revealed that collectively as a model, FCAT Reading 

developmental scale scores, grade level, and eligibility for free lunch were factors that 

could predict biology achievement and explain 60% of the variance in biology scores. 

However, when each variable except reading was examined independently, each failed 

to reach a significance of 0.05. Nevertheless, these results emphasize the need for 

effective teacher evaluation design that takes into account student demographic 

composition so as not to penalize teachers who serve a student population that has 

historically underperformed academically. Additionally, although extant literature fails to 

quantify the institutional effect on biology achievement, the significant variance in 

biology scores highlights the potential challenges as well as opportunities involved in 

improving biology achievement.  

One challenge is to make substantial improvements in reading proficiency to 

minimize the negative effects of socioeconomic status. However, this is also an 

opportunity because improvement in reading proficiency levels will reduce the negative 

effects of some student characteristics and will result in improved biology achievement. 
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According to the model, reading proficiency accounts for 63% of the variation in biology 

scores, therefore, it is recommended that schools provide adequate and quality 

professional development in reading strategies to biology teachers. The recent 

implementation of Common Core standards that emphasize the development of student 

vocabulary and reading comprehension may serve as a catalyst in the process, 

especially as those standards will be tested in the future. Thus, schools will need to 

divert additional resources to ensure teachers are not only adequately prepared for 

biology instruction, but also in incorporating reading strategies within the classroom. 

Biology achievement was significantly correlated with ethnicity, but ethnicity was 

also significantly correlated with eligibility for free lunch. The inclusion of ethnicity in the 

model resulted in statistically insignificant values particularly compared to the greater 

statistical strength of socioeconomic status and of free lunch as the best predictor of 

socioeconomic status. The choice to include grade level in the model may seem 

unexpected; however, study results indicated that as grade level increased, reading 

proficiency declined, there were less White and students ineligible for free and reduced-

price lunch, and the sample of Black students increased. Therefore grade level 

represents a conglomeration of the variables associated with ethnicity, reading 

proficiency, and socioeconomic status. Consequently, the results provide evidence 

supporting the significant impact of socioeconomic status on overall biology and reading 

achievement.  

Another important finding in this study is the strong, positive, linear relationship 

between FCAT Reading scores and Biology I EOC scores. As FCAT Reading scores 

increased, Biology I EOC scores also increased. In fact, FCAT Reading developmental 
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scale scores served as the most significant predictor of biology achievement in the 

regression analysis. Although correlations refrain from making causal statements, they 

do indicate the presence of a relationship between the two variables. These 

relationships may be mediated by no, a sole, or a combination of covariates which serve 

to influence either variable. It is uncertain whether high FCAT Reading developmental 

scale scores results in higher Biology I EOC T-scale scores or if students with higher 

Biology I EOC T-scale scores perform better in reading assessments than their peers 

with lower Biology I EOC T-scale scores.  

These results beg the question: Does increased reading proficiency help to 

accurately predict biology proficiency? Considering that the Biology I EOC test items are 

written at a 9th grade reading level (Florida Department of Education, 2011c), a certain 

level of reading proficiency is required. Furthermore, it is unclear whether the Biology 

EOC assessment is comprised of compound sentences and complex vocabulary that 

collectively increase sentence complexity. Consequently, in an attempt to measure 

biology proficiency, the test may inadvertently be assessing reading proficiency. In that 

case, the EOC would fail to provide a valid and fair assessment of the biology 

knowledge and skills of less proficient readers. 

Until the test developers address this issue, this researcher proposes that 

increased reading proficiency may increase the probability that scores obtained are 

representative of student biology proficiency. However, it is possible that increased 

reading proficiency may improve scores beyond actual biology proficiency through the 

use of covariates such as background knowledge, ability to use context clues, and 

enhanced vocabulary. Thus test creators must ensure that the Biology EOC assesses 
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student knowledge of biology concepts and skills rather than unduly assessing reading 

proficiency. This research would suggest that test creators should use simple sentence 

structures with basic domain general vocabulary. 

The nature of the Biology EOC sentence complexity is, however, beyond the 

scope of this study. On the other hand, educators in Florida can make use of the 

familiarity of the FCAT Reading assessment and resulting score interpretations 

indicated by the varying achievement levels identified in the study. Since FCAT Reading 

data is more easily accessible to teachers and administrators that Biology EOC 

assessment data, educators can use reading scores make better instructional decisions 

in biology to improve student comprehension and achievement. These results also 

provide an initial basis for identifying students at risk of failing the Biology I EOC 

assessment who, according to the data, are struggling readers with low FCAT Reading 

developmental scale scores. In addition, instructional activities that improve FCAT 

Reading developmental scale scores could be implemented in the classroom to 

potentially improve biology achievement.  

Based on these results and previous studies, three possible explanations exist 

regarding the relationship between reading and biology proficiency: 1) reading 

proficiency results in biology proficiency, 2) biology proficiency results in reading 

proficiency, or 3) covariate(s) result in both reading proficiency and biology proficiency. 

An unequivocal conclusion to this question is beyond the scope of this study, but extant 

research may suggest the influence of covariates (Cromley, 2009). According to 

Cromley (2009), the high correlations between reading comprehension and science 

proficiency may be the result of plausible third factors that were not investigated in their 
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study, such as artifacts of measurement, instructional practices, the familiarity of 

students with standardized tests, or the alignment of home and school cultures or 

practices.  

Cromley (2009) proposed additional covariates that may include the influence of 

background knowledge, reading comprehension strategies, general vocabulary, 

inference, and other products of extensive reading experience which increase science 

proficiency. This hypothesis is supported by recent research which indicates that 

specific instruction in reading strategies, vocabulary, and background knowledge have 

been shown to increase student achievement in science (Fang & Wei, 2010; Guthrie, 

Wigfield, Barbosa, Perencevich, Taboada, Davis, Scafiddi, &Tonks, 2004; Reaves, 

2000; Shymansky, Yore, & Anderson, 2004; Vitale & Romance, 2012; Yore, Bisanz, & 

Hand, 2003). Cromley, Snyder-Hogan, and Luciw-Dubas (2010) also found that 

background knowledge, inference, and vocabulary had significant effects on biology 

achievement for high school students.   

Additionally, students with more scientific background knowledge exhibit better 

reading comprehension of scientific texts due to the direct effect of background 

knowledge and the indirect effects of strategies and inference (Cromley, Snyder-Hogan, 

& Luciw-Dubas, 2010). Consequently, according to Cromley (2009), by increasing 

reading comprehension of scientific texts, the degree of student proficiency in science 

increases (Cromley, 2009). However, the assessments of reading and science used in 

the Cromley (2009) study were heavily weighted toward primarily evaluating students 

utilizing inferences. Cromley, Snyder-Hogan, and Luciw-Dubas's 2010 study also 

utilized biology texts that relied heavily on inferences. It is uncertain whether a similar 
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heavy reliance on inferences is utilized in the Biology I EOC, so these results may not 

be as applicable. Thus the role of inference as a covariate influencing science or 

reading proficiency in this study is uncertain. 

Implications 

Findings of this study indicate that by improving reading proficiency, all students, 

regardless of ethnicity, socioeconomic status, or gender, will improve their achievement 

in biology. Therefore the results can assist educators and policymakers in high-stakes 

testing educational climates to integrate reading into the content areas at the secondary 

level. This would require a shift in the allocation of resources and would impact 

instructional practices. Such a shift could pose a challenge due to limited instructional 

time, potential inadequate teacher knowledge of reading pedagogy and its incorporation 

into the science classroom, and perceived threats to teacher autonomy.  

However, the recent required incorporation of Common Core standards in Florida 

classrooms may serve as a catalyst to build teacher proficiency in reading instruction 

and students’ acquisition of vocabulary. Considering that all teachers will be required to 

incorporate grade level specific reading strategies to satisfy Common Core 

requirements, only time will reveal whether students will be more prepared to handle the 

levels of reading proficiency required for the biology EOC. The implementation of 

Common Core standards also raises questions whether the biology EOC will become 

increasingly more challenging as a means of measuring student proficiency with the 

standards.  

Regardless, since student performance serves as a significant influence on 

teacher evaluations, biology teachers need to become familiar with and incorporate 

reading strategies within the classroom so that student achievement is improved. In 
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fact, the study indicates that for every unit increase on the FCAT Reading 

developmental scale score, biology scores would increase by 0.38. Therefore, 

professional development in incorporating reading strategies is highly indicated, 

especially for teachers working in Title 1 schools. Of course, solely emphasizing reading 

to the neglect of biology content is not advisable. In fact, 39 students (22%) in the study 

who were proficient in reading failed to score in the top third of the biology assessment, 

so high quality biology content instruction is clearly essential. However, it is 

recommended that teachers infuse reading instruction into biology content to improve 

conceptual understanding and student achievement. 

Test creators also need to be cognizant of the reading levels of the questions so 

that they accurately measuring biology achievement instead of both biology and reading 

proficiency. Failure to account for the assessment’s increased reading demands t, may 

serve to reduce the numbers of African American and low socioeconomic students who 

graduate from high school and thus limiting their access to beneficial post-graduation 

opportunities such as higher-paying jobs and advanced education.  

Educational policy runs the risk that the goal of creating high school graduates 

who are more globally competitive in careers and at the collegiate level has increasingly 

subjugated a subset of the student population (Florida Department of Education, 

2005b). While legislative directives are aimed at increasing academic achievement of all 

students, further analysis must be conducted to determine whether this goal is being 

met and whether public policy is providing the resources needed to ensure that all 

students have access to resources as well as highly qualified and effective biology 

teachers.  
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For school administrators and educational policymakers, the implementation of 

increased stakes in successive administrations of the Biology end-of-course 

assessment may be accompanied by potential drops in school accountability indicators 

due to the performance of struggling readers unless institutional adjustments are made 

in terms of the allocation of time, resources, and personnel. Thus, it is essential that 

instructional leaders and administrators utilize data-driven decision making to analyze 

both the reading proficiency levels of both the incoming freshman class and all those 

students currently enrolled in Biology. This analysis is particularly important for Title 1 

schools that serve populations that have historically underperformed in reading.  Due to 

the study’s sample size and methodology, it is unclear whether similar achievement 

gaps based on gender, race/ethnicity, and socioeconomic status would be found at 

other schools, particularly Title 1 schools. It is therefore also recommended that all 

schools analyze student achievement data to determine whether all students are being 

equally served by the instructional personnel and the biology curriculum. Institutional 

changes may include providing professional development in content area reading, 

culturally appropriate pedagogical practices, gender-neutral classrooms, and making 

instructional personnel changes, etc.   

The results of the study also highlight potential issues for instructional 

evaluations and the recruitment and retention of biology teachers in Florida particularly 

in high poverty schools. According to Council of Chief State School Officers (2011), one 

potential reason for the implementation of end-of-course assessments is to determine 

teacher effectiveness. However, such a policy is fraught with numerous challenges. For 

example, this study and countless others have consistently demonstrated the 
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underperformance of low-income and minority students in science (ACT, 2010; 

Bankston & Caldas, 1998; Florida Department of Education, 2012b; Gonzales, Williams, 

Jocelyn, Roey, Kastberg, & Brenwald, 2008; Maerten-Rivera, Myers, Lee, & Penfield, 

2010; National Center for Education Statistics, 2012; Rathbun & West, 2004; Riegle-

Crumb, Moore, & Ramos-Wada, 2010; Strand, 2012). Recent changes in Florida's 

instructional evaluations make student achievement scores account for 50% of a 

teacher's evaluation, so that some teachers could be unfairly penalized for the 

demographic composition of the student body and its associated challenges. This is 

particularly critical as all new teachers hired after July 1, 2011 are offered annual 

contracts in which continued employment and compensation are tied to student 

outcomes (Harrison & Cohen-Vogel, 2012). 

For this reason any use of test data to determine teacher effectiveness should 

control for prior student performance (Council of Chief State School Officers, 2011). 

However, the current teacher evaluation tool does not factor in student gains for biology 

teachers. Therefore a single test, the end-of-course assessment, will have a significant 

impact on a teacher's evaluation, continued employment, and opportunities for financial 

incentives. Research has indicated that an accumulation of classroom and school 

effects impact on student achievement, therefore relying on such a measure could 

produce a highly biased estimate of teacher effects (Sykes, Schneider, Plank, 2009). 

Additionally, decisions that impact on student achievement are made at various levels, 

such as federal, state, district, school, and classroom. For example, curriculum 

decisions may be made at the state and district level as well as other decisions such as 
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class size, teaching personnel, and budgets; yet such interactions are not considered in 

a teacher's evaluation (Sykes, Schneider, Plank, 2009). 

According to Council of Chief State School Officers (2011), any teacher 

evaluation measurement should reflect the progress and growth of a student during the 

period of time the teacher provided instruction. This requires that two elements must be 

in place:  availability of one or more prior scores and a suitable analytic method. 

However, even when a trustworthy measure of student progress is developed, other 

challenges have to be addressed in order to associate such results with teacher 

effectiveness, such as extraneous factors that threaten the interpretation that the 

teacher's behavior led to the observed gains, such as truancy, or family crisis during the 

instructional term (Council of Chief State School Officers, 2011).  

Student characteristics account for the majority of the influence on biology 

achievement at the Title 1 school in this study, but teachers in this environment are 

ultimately held accountable for student achievement. Considering that research has 

documented the shortage of qualified instructional personnel in science in rural and Title 

1 schools (Baker & Cooper, 2005; Murphy, DeArmond & Guin, 2003; National Science 

Foundation, 2012a), as well as their high attrition levels (Barrera, Braley & Slate, 2010) 

compared to their more affluent counterparts, policymakers need to devise a more 

suitable evaluation tool for science teachers working at Title 1 schools. Furthermore, 

policymakers must also ensure that schools serving populations of struggling students 

also receive adequate resources and effective professional development to address 

student deficiencies in reading. Policymakers must also ensure that they do not pose 
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additional burdens on such schools to attract and retain highly qualified instructional 

personnel. 

One proposed solution to the discrepancy in measuring teacher effectiveness is 

the use of the Value-Added Modeling (VAM). This process utilizes several statistical 

techniques that seeks to link or establish causality between student test scores on a 

standardized test and a teacher's performance (Hill, Kapitula, & Umland, 2011). 

According to Florida Department of Education (2012q), the VAM model takes into 

account other factors that may affect the learning process and does not evaluate 

teachers based on student data derived from a single year or on a comparison of 

growth from one year to the next. Instead, teachers are evaluated based on the 

difference between the predicted performance and the actual performance of students. 

Thus, the model purports to "level the playing field" by statistically accounting for the 

differences in both the level of student proficiency and student characteristics that are 

assigned to teachers (Florida Department of Education, 2012q). Therefore, no teacher 

is unfairly advantaged or disadvantaged simply based on student composition. 

However, Green III, Baker, & Oluwole (2012) cited multiple problems with the 

VAM approach.  They noted the "instability of teacher ratings, classification and model 

prediction error, unreliable results from different 'standardized' tests, difficulties in 

isolating a single teacher's contribution to students' learning, the non-random 

assignment of students across teachers, schools, and districts, and the struggle for 

teachers to even receive VAM ratings" (Green III, Baker, & Oluwole, 2012, p. 6). Hill, 

Kapitula, & Umland's 2011 study also revealed that although VAM scores converged 

with the ratings from experts regarding their instruction, data also revealed that the 
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scores correlated with the student composition of a teacher's classroom. Thus the 

authors advocate the use of VAM scores alongside high-quality, discriminating 

observational systems or as a trigger for the use of observations, as VAM scores alone 

are not sufficient to identify teachers in need of remediation, reward, or removal.  

Florida's current system does utilize a combination of VAM scores and 

discriminatory observational systems; however, whether this system is equitable in 

implementation is the subject of further analysis. Unlike reading and mathematics 

assessments, data is limited at the eighth grade level for FCAT Science 2.0. Thus, the 

majority of students who take the Biology EOC at the tenth grade level have not taken a 

state mandated science assessment since the eighth grade. Thus, the data being used 

by policymakers in calculating VAM for biology teachers is subject to larger errors than 

their reading and mathematics counterparts. Finally, this study reveals that reading 

proficiency explains a significant portion of the variability in biology achievement. 

Although the role of the teacher was not directly addressed in this study, one can 

reasonably conclude that biology achievement is the product of more external factors 

than just teacher. The VAM model, based on this finding, would unduly penalize 

teachers who have students with low reading proficiency levels.    

On a national scale, the study’s results have some positive and negative 

indicators for the future. On the positive note, the reduction in the achievement gap 

between genders may represent a potential increase in women entering STEM fields in 

the future. Although this study utilized a small sample from one high school, data 

reported from elsewhere in the state paints a similar picture. However, the improved 

achievement of one group is not representative of other subsets of the population, 



 

162 

particularly low socioeconomic and African American students. These groups were 

disproportionately represented in the bottom third of the assessment scores. If this trend 

continues, these groups are at a greater risk of failing this assessment required for 

graduation, thereby creating gaps in future opportunities. The diversity of the future 

science workforce will therefore continue to be compromised, reducing our nation's 

viability and global competitiveness while simultaneously increasing both intellectual 

and fiscal poverty and reducing the earning potential of a subset of the nation's 

workforce. 

Limitations of the Study 

Caution should also be exercised in interpreting the findings, particularly because 

of the discrepancies in the measurement of reading proficiency. While the FCAT 

Reading assessment was used to evaluate all students, the scores are not reflective of 

proficiency based on a single and identical test. In fact, although the ninth-grade 

students were tested, their test content varied remarkably from those enrolled at the 

tenth-grade level, as well as those in the eleventh-grade who may have taken the FCAT 

Reading test on more than one occasion. Additionally, students enrolled in grades 9 and 

10 completed the newly implemented FCAT 2.0 Reading test in Spring 2012 whereas 

eleventh-grade students completed the FCAT Reading, an older version of the 

assessment based on different content standards (Florida Department of Education, 

2012k) that are less demanding and rigorous (Florida Department of Education, 2012e). 

Since these scores were obtained from different tests measuring different content 

standards and may have been taken during different points of the school year, the 

scores are not directly comparable—although all are criterion-referenced tests in 

reading created by the same publisher. 



 

163 

Another discrepancy within the study is the conservative classification of students 

achievement on the Biology I end-of-course assessment. For this study, students who 

performed in the top third in the state were considered as proficient or having passed 

the Biology I end-of-course assessment; however, the state mandated achievement 

levels were not determined until spring 2013 (Florida Department of Education, 2012j). 

Additionally, the scores provided by the state for the 2013 assessment administration 

will be markedly different from the 2012 assessment administration. For example, the 

2012 administration scores were represented using raw scores and scores derived from 

a T-scale range from 20 to 80, whereas the scores from the 2013 administration will be 

reported on a scale from 325 and 475 (Florida Department of Education, 2012l).  

Additionally, due to the geographic location, demographic composition, and level 

of academic achievement at the specified Florida Title 1 high school, the results of the 

study have limited generalizability beyond the sample group and, ultimately, the school 

population. Of particular concern is the small sample size of Hispanic and American 

Indian students at the North Florida school and the limited number of eleventh grade 

students. Additionally, the unbalanced sample based on ethnicity and grade level also 

reduces the generalizability of the study to a larger population. Consequently, the 

study’s results are not considered strong enough to inform policy, although the 

implications for education and research are worthwhile. Nevertheless, caution should be 

exercised when applying the results of this study to other settings. 

Finally, the lack of control over the course placement of students served as 

another limitation. At the Title 1 high school, students enrolled at the honors level were 

more similar to each other in socioeconomic standing (high socioeconomic) than 
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students enrolled at the regular level. Furthermore, students at the honors level were 

disproportionately of White heritage whereas those enrolled at the regular level were 

disproportionately Black. Additionally, all students enrolled in the honors biology course 

at the North Florida high school were taught by the same teacher, whereas students at 

the regular level were taught by one of two teachers. Thus the quality and type of 

instruction in biology serves as a confounding variable. 

 

Recommendations for Future Research 

This study points to the need for further research on the variables that impact 

student achievement in biology at the secondary level. The influence of covariates on 

student performance necessitates more research to isolate variables in a quantifiable 

manner. Future research should include: 

 Specific reading interventions that significantly improve student achievement in 
biology at the secondary level. Although most research on science achievement 
regarding reading interventions are broad, there is a paucity of research about 
biology at the secondary level. Based on the results of this study, a student’s 
level of reading proficiency is important as it has an influence on biology 
proficiency. The strength and positive nature of the relationship and findings from 
previous studies suggest that reading interventions may serve to improve biology 
achievement. Current studies indicate that interventions focused on incorporating 
reading strategies, specifically improving background knowledge and vocabulary, 
should result in significant improvements in biology achievement. However, this 
assumption is untested at the secondary level.  

 An examination of the comparability of the scores derived from a computer and 
paper-based administration of the Biology I EOC. Although the Florida 
Department of Education (2006) cited previous research regarding the 
comparability of biology scores attained via computer and paper-based test 
administrations, the current computer platform being utilized has yet to be tested 
with empirical research. Therefore, it is unknown whether certain student 
populations are disproportionately affected by the use of the computer-based 
testing with the existing platform and whether other factors, such as connection 
speed or school network constraints, have a negative impact on student 
performance. Empirical research is also needed to investigate biology multiple 
choice test items, some of which contain long passages that are timed and non-
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adaptive. Although study results are inconsistent, there is a possibility that 
reading from a computer is different from paper-based reading; it is slower, 
resulting in reduced accuracy and reduced reading comprehension (Noyes & 
Garland, 2008). Thus it is uncertain whether the differences between computer 
and paper-based administrations exacerbates differences in reading proficiency. 
Nevertheless, the specifics regarding this type of assessment are salient, 
especially due to the high stakes nature of the assessment. 

 An investigation of the relationship between math proficiency and biology student 
achievement. A previous study has indicated that reading and mathematics 
accounted for 58% of the variation in science achievement (Maerten-Rivera, 
Myers, Lee, & Penfield, 2010). However, this study was not specific to biology; 
therefore, it is worth investigating whether mathematics proficiency contributes 
specifically to biology achievement. 

 A study on the degree to which institutional factors impact biology achievement. 
In this study, 60% of the variance in biology achievement was due to student 
characteristics, but whether the remaining 40% is due to institutional factors 
(such as teacher quality, instructional strategies, and classroom environment) is 
the subject of further investigation. 

 Research on whether females score significantly higher when instructed by 
female biology teachers. Research has documented the negative impact of 
stereotypes on academic achievement (Appel, Kronberger, & Aronson, 2011; 
Hoy & Hoy, 2009; Pico & Stephens, 2012; Steele & Aronson, 1995) as well as 
the positive impact of counter-stereotypic images on academic performance 
(Good, Woodzicka, & Wingfield, 2010). Therefore, female teachers may serve as 
counter-stereotypic role models for female students, and may potentially improve 
student achievement in biology. However, research specific to the academic 
impact of female biology teachers compared to their male counterparts is scant. 

Summary 

This study investigated the influence and relationship of four variables--reading 

proficiency, ethnicity, socioeconomic status, and gender--on the academic performance 

of students in biology. Overall, it determined that reading proficiency has a significant 

effect on biology achievement, although reading proficiency itself is significantly 

influenced by ethnicity and socioeconomic status. Therefore, of the four variables 

investigated, one of them (reading proficiency) could be used in future research to 

predict academic performance in biology. It is therefore important that this variable be 
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taken into consideration by education officials, policymakers, and stakeholders in 

formulating policies, teacher evaluation tools, and assessments. Further research 

should focus on this area so that the specific factors that account for differences in 

reading proficiency and its subsequent effects on biology achievement can be 

investigated. Consequently, the right measures can then be applied to help all students 

improve their academic achievement in state-mandated biology assessments.
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APPENDIX A 
DISTRICT CONSENT FORM 

 
Dear School District Personnel, 

My name is Janine Bertolotti and I am a graduate student in Educational 

Administration and Policy at the University of Florida under the supervision of Dr. 

Bernard Oliver. I am conducting research on the relationship between four variables- 

FCAT Reading, ethnicity, socioeconomic status, and gender; and their influence on the 

results of the Florida Biology EOC exam. 

I would appreciate permission to use information from the district files on your 

ninth and tenth grade students who were enrolled in Biology 1 during the 2011-2012 

school year. Specifically, I would like to collect data on their gender, grade level, Biology 

1 EOC scores, FCAT Reading scores, and eligibility for free and reduced-price lunch. 

Only my supervisor and I will have access to this personal information. All data will be 

coded and kept confidential; no names or any identifying information will be reported. 

If you have any questions, please feel free to contact me or my faculty 

supervisor, Dr. Bernard Oliver, at (352) 273-4358. I will be contacting your office within 

the next two weeks to confirm your approval. 

      Sincerely, 

 

 

       Janine C. Bertolotti 

      Graduate Student in Educational Leadership 
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APPENDIX A 
IRB CORRESPONDENCE 
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APPENDIX B 
DISTRICT APPROVAL LETTER 

May 13, 2013 

Janine Bertolotti 

University of Florida 

Gainesville, Fl 32605 

 

Dear Ms. Bertolotti, 

  This letter is to inform you that our High School has reviewed and 

supports your research study titled, "An investigation of the student characteristics that 

influence Florida Biology end-of-course scores at a Title 1 school." It is our 

understanding that the data collection will begin on May 14, 2013. We are very 

interested in your efforts that may help to improve our understanding of Biology 

achievement on the end-of-course exam. 

 

If you have any questions or need further assistance, please do not hesitate to contact 

me. 

 

Sincerely, 

Principal 
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APPENDIX B 
DATA DICTIONARY  

Variable Description Coding 

ID Student id number # 

Gender Gender of student Male = 1 
Female = 2 

Free/reduced lunch 
(FRLunch) 

What is the eligibility of 
the student regarding 
free/reduced lunch? 

Free = 1 
Reduced = 2 
Ineligible = 3 

Free/reduced lunch 
(Freereducedlunch) 

Does the student 
qualify for 
free/reduced lunch? 

Yes= 1 
No = 2 

Ethnicity What is the ethnic 
background of the 
student? 

White = 1 
Black = 2 
Hispanic = 3 
American Indian 
or Alaskan native 
= 4 

Pass or fail FCAT Reading 
(PFReading) 

Did the student receive 
a grade of 3 or 
higher on the reading 
FCAT? 

Yes = 1 
No = 2 

FCAT Reading level 
(RLevel) 

What is the student's 
FCAT reading level? 

1 = 1 
2 = 2 
3 = 3 
4 = 4 
5 = 5 

FCAT Reading 
Developmental Scale Score 
(RDevScore) 

What is the student's 
FCAT Reading 
developmental scale 
score? 

# 

Grade level (GradeLevel) What is the student's 
grade level? 

9 = 9 
10 = 10 
11 = 11 

Biology EOC Level 
(BioLevel) 

Which third did the 
student score on the 
Biology EOC? 

1 = 1 
2 = 2 
3 = 3 

Biology T- score (BioTscore) What T scale-score did 
the student earn on 
the Biology EOC 
exam? (20 - 80) 

# 
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Pass or fail BIO EOC 
(PFBioEoc) 

Did the student score 
in the top third on the 
Bio EOC? 

Yes = 1 
No = 2 

Regression gender 
(Regressgender) 

How is gender coded 
in the regression? 

Male = 0 
Female = 1 

Regression ineligible 
(RegressNOTeligible) 

How are students 
ineligible for free and 
reduced-price lunch 
coded in the 
regression? 

Eligible = 0 
Ineligible = 1 

Regression reduced lunch 
(Regressreducedeligible) 

How are students who 
are eligible for 
reduced-price lunch 
coded in the 
regression? 

Free and not 
eligible = 0 

Reduced =1 

Regression free lunch 
(Regressfreelunch) 

How are students who 
are eligible for free 
lunch coded in the 
regression? 

Reduced and Not 
eligible = 0 

Free = 1 

Regression White students 
(RegressWhite) 

How are White 
students coded in the 
regression? 

Non-white = 0 
White = 1 

Regression Black students 
(RegressBlack) 

How are Black 
students coded in the 
regression? 

Non-Black = 0 
Black = 1 

Regression Hispanic students 
(RegressHispanic) 

How are Hispanic 
students coded in the 
regression? 

Non-Hispanic = 0 
Hispanic = 1 

Regression American Indian 
or Alaskan native students 
(RegressAmInAlNa) 

How are American 
Indian or Alaskan 
native students 
coded in the 
regression? 

Non American 
Indian/Alaskan 
native = 0 

American 
Indian/Alaskan 
native = 1 

Regression minority students 
(Regressminority) 

How are minorities 
coded in the 
regression? 

Minority = 0 
Non-minority = 1 
 

Regression 10th grade 
students 

 (Regress10) 

How are 10th grade 
students coded in the 
regression? 

9th grade = 0 
10th grade = 1 

Regression 11th grade 
students  

(Regress11) 

How are 11th grade 
students coded in the 
regression? 

9th and 10th= 0 
11th grade = 1 
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