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ABSTRACT 

Improving the STEM readiness of students from historically underserved groups 

is a moral and economic imperative requiring greater attention and effort than has been 

shown to date.  The current literature suggests a high school science sequence beginning 

with physics and centered on developing conceptual understanding, using inquiry labs 

and modeling to allow students to explore new ideas, and addressing and correcting 

student misconceptions can increase student interest in and preparation for STEM 

careers. 

The purpose of this study was to determine if the science college readiness of 

historically underserved students can be improved by implementing an inquiry-based 

high school science sequence comprised of coursework in physics, chemistry, and 

biology for every student.  The study used a retrospective cohort observational design to 

address the primary research question: are there differences between historically 

underserved students completing a Physics First science sequence and their peers 

completing a traditional science sequence in 1) science college-readiness test scores, 2) 

rates of science college-and career-readiness, and 3) interest in STEM? Small positive 

effects were found for all three outcomes for historically underserved students in the 

Physics First sequence. 
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CHAPTER 1 

STATEMENT OF THE PROBLEM 

Henry Levin (2009), who has conducted research over a span of more than 40 

years on the economic benefits of investing in education, asserts “educational equity is a 

moral imperative for a society in which education is a crucial determinant of life’s 

chances” (p. 5).  In Rising above the Gathering Storm, the National Academies (2007) 

note the rapid erosion in the U.S.’s competitiveness in science and technology—and thus 

the U.S. position as a global economic leader. At the same time, the U.S. population is in 

the midst of profound demographic change both in terms of the racial and economic 

composition of its citizens and the distribution of income among them.  Public schools in 

America have historically had greater success educating middle-to-upper income and 

White students in math and science than historically underserved students (Kannapel & 

Clements, 2005). Thus, improving the STEM readiness of students from historically 

underserved groups is a moral and economic imperative requiring greater attention and 

effort than has been shown to date. 

The current literature suggests a high school science sequence beginning with 

physics and centered on developing conceptual understanding, using inquiry labs and 

modeling to allow students to explore new ideas, and addressing and correcting student 

misconceptions can increase student interest in and preparation for STEM careers. This 

Physics First approach is grounded in constructivist learning principles and embeds 

aspects of culturally relevant pedagogy.  The Next Generation Science Standards and the 

increased emphasis on preparing all students to be college- and career-ready in STEM 

provide a supportive policy environment for districts to adopt a Physics First approach.  
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However, successful implementation of a Physics First science sequence requires 

ensuring teachers have the content and pedagogical knowledge, self-efficacy, and the 

belief in the ability of all of their students to engage in rigorous science. 

Background of the Problem 

“Educational equity is a moral imperative for a society in which education is a 

crucial determinant of life’s chances” (Levin, 2009, p.5). Some scholars argue that 

“rather than ameliorating educational inequality” (Schmidt, Burroughs, Zioda, & Huong, 

2015, p. 380), schools are exacerbating it. Others assert that schools have a “mixed and 

modest impact on the opportunity gap” (Putnam, 2015). While there are a number of both 

school and non-school factors that contribute to the achievement gap, I would argue that 

schools are morally obligated to increase efforts to reduce the gap in college and career 

readiness of Black and Latino students and their White and Asian peers, regardless of the 

sources.  

The lifetime earnings of a college graduate are more than double those of a high 

school graduate for both genders and for all races (Levin, 2009), yet Black collegians are 

about half as likely and Hispanic/Latinos one-third as likely to earn a degree as their 

White peers (Deming & Dynarski, 2009).  The median income among full-time workers 

with a bachelor’s degree in 2008 was $55,700 compared to $33,800 for high school 

graduates with no college degree and employed full-time (Baum, Ma, & Payea, 2010). 

Each new high school graduate generates over $200,000 in economic benefit to society 

through increased tax revenue and savings in expenditures for health care, crime, and 

welfare (Levin, 2009).  Even greater benefits accrue for high school graduates who 
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continue their education and pursue careers in science, technology, engineering and math 

(STEM) as well as bestowing “economic and other benefits on the nations and regions in 

which they live and work” (Zinth & Dounay, 2006, p.1).  Unfortunately, historically 

underserved high school students are less likely to graduate from high school and are less 

likely to have sufficient opportunity to learn critical content, receive high quality 

instruction, and take high school courses that prepares them for college and pursuit of 

post-secondary study in STEM (ACT, 2015; Ottmar, Konold, Berry, Grissmer, & 

Cameron, 2013; Schiller, Schmidt, Muller, & Houang, 2010; Schmidt et al., 2015; 

Schwartz, Sadler, Sonnert, & Tai, 2009).  This opportunity to learn gap has significant 

implications for individuals and for the country.  Ornstein (2010) notes: 

If the achievement gap in math and science had been closed between black and 

Hispanic students and white and Asian students by 1998 the Gross Domestic 

Product in 2008 would have been about $400 to $500 billion higher. If the gap 

between America’s low-income students and the remaining students had been 

similarly narrowed, GDP in 2008 would have been $400 to $670 billion higher. 

(p.426) 

 

The U.S. position as a global leader may be abruptly lost without a greatly 

expanded commitment to achieving success in advanced education in STEM (National 

Academies, 2007).  Only 15% of U.S. college graduates attain degrees in the natural 

sciences and engineering, compared to 50% in China (Freeman, 2008). It is estimated that 

the U.S. will need 1.75 million more engineers, a 20% increase, by the year 2010 

(Gasbarra & Johnson, 2008).  Demand for engineers is increasing at three times the rate 

of other professions (Gasbarra & Johnson, 2008), yet Blacks, Latinos, and Native 

Americans account for just 7% of science and engineering professionals in the United 

States, while constituting 25% of the U.S. population (Milloy, 2003). 
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At the same time, the U.S. is in the midst of profound demographic change both 

in terms of income distribution and in the racial and economic composition of its citizens. 

The poverty rate for young people under 18 in the U.S. rose from 16.7% to 21.8% in the 

years from 2002 to 2012 and more than a third of Hispanic/Latino and Black children live 

in poverty (Sparks, 2013).  Poverty among children in America correlates to completing 

fewer years of schooling, working fewer hours and earning lower wages as adults, and a 

greater likelihood of reporting poor health and nutrition (Children’s Defense Fund, 2012). 

The U.S. is projected to become a majority-minority nation for the first time in 2043 

(U.S. Census Bureau, 2012).  Sadly, public schools in America have historically had 

greater success educating middle-to-upper income and White students than poor students 

and students of color (Kannapel & Clements, 2005).  The Children’s Defense Fund 

(2012) warns that “more than three of four Black and Hispanic/Latino children, who will 

be a majority of our child population by 2019, are unable to read or compute at grade 

level in the fourth or eighth grade and will be unprepared to succeed in our increasingly 

competitive global economy” (p. 1). As the percentage of students living in low-income 

families has increased, the gap between the average reading and math skills of students 

from low- and high-income families (Duncan & Murnane, 2014; Reardon, 2013) and the 

gap in college graduation rates have increased substantially (Bailey & Dynarski, 2011).   

Nationally, the academic achievement gap as measured by the percentages of students 

meeting college readiness benchmarks in math and science is even more pronounced 

among Black and Hispanic/Latino students interested in STEM fields (ACT, 2015).  

There is little consensus on the primary cause of these educational disparities, but a body 
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of literature exists suggesting both in-school (e.g., schooling is geared toward the 

dominant White middle class culture, tracking practices, unequal distribution of quality 

teachers, low expectations for non-White and Asian students, normalization of failure) 

and out-of-school factors (e.g., family composition, poverty, student mobility, unequal 

per pupil expenditures, resegregation of neighborhoods) correlate with student 

achievement (Cowan Pitre, 2014; Jeynes, 2015).   

Research Problem  

While there are many factors contributing to disparate educational outcomes for 

low-income and Black and Hispanic/Latino students, the purpose of this study was to 

determine if the science college readiness of historically underserved students can be 

improved by implementing an inquiry-based high school science sequence comprised of 

coursework in physics, chemistry, and biology for every student.   

Significance 

The U.S. population will increasingly be comprised of citizens from racial or 

ethnic groups that are historically underrepresented in mathematics and science fields and 

who have historically underperformed on mathematics and science assessments (Zinth & 

Dounay, 2006).  It is increasingly necessary that all workers are skilled in approaching 

math and science problems and solving problems (Center for Education Policy Analysis, 

2008) as  “the great majority of newly created jobs are the indirect or direct result of 

advancements in science and technology” (National Academies, 2010, p.18).  Hence, the 

lack of preparation for and knowledge of STEM careers of historically underserved 

students both contributes to the threat of the global standing of the U.S. economy and  
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makes it less likely these  students will benefit from the economic and intellectual 

rewards of a STEM career or high-skills, high-wage jobs in general. 

U.S. students who report taking physics during high school are twice as likely to 

meet the ACT college readiness benchmark in science as other students (ACT, 2013c). 

Sadler and Tai (2007) find that high school courses in biology, chemistry, and physics 

prepare students for college courses in the same field. Unfortunately, only one in four 

Hispanic/Latino and Black students takes a physics course in high school; half the rate of 

their Asian peers (White & Tesfaye, 2011).  One approach to closing this opportunity to 

learn gap in STEM for historically underserved students might be to increase the number 

of science credits required for high school graduation or require all students to complete 

biology, chemistry, and physics in order to graduate. However, evidence suggests that 

policies that increase science graduation requirements may not be effective alone for 

improving student outcomes (Buddin & Croft, 2014; Teitelbaum, 2003) or improving 

overall college enrollment rates or persistence (Montgomery, Allensworth, & Correa, 

2010; Plunk, Tate, Bierut, & Grucza, 2014). Further, increased graduation requirements 

in math and science increase the likelihood a student will drop out of high school (Plunk, 

Tate, Bierut, & Grucza, 2014). Students who drop out do not benefit from increased 

science graduation requirements and the increased STEM readiness resulting from 

additional science coursework (Montgomery, Allensworth, & Correa, 2010).  

An alternative to increasing science graduation requirements is to implement a 

Physics First sequence for all students. Physics First is a framework for a three-year core 

curriculum for high school science which inverts the traditional order in which science is 
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taught in high school so that physics is followed by chemistry and then biology (Pasero, 

2001).  The objective of the Physics First approach “is to build knowledge of science and 

the concurrent use of mathematics, following the hierarchical nature of science as it has 

unfolded over the past century” (Bardeen & Lederman, 1998, p.178).  The beginning 

physics course in this inverted science sequence focuses on developing conceptual 

understanding rather than mathematical manipulation, uses inquiry labs to allow students 

to explore new ideas, and addresses and corrects student misconceptions (High School 

Committee of the American Association of Physics Teachers, 2009). 

 Despite better reflecting the evolving nature of science and how students learn, 

few schools begin their high school sequence with physics (Bardeen, & Lederman,1998; 

Ewald,  Hickman, Hickman, & Myers, 2005; Haber-Schaim, 1984).  A 2005 survey of 

physics teachers found only 3% of public schools employ such a “Physics First” 

approach (High School Committee of the American Association of Physics Teachers, 

2009).  Pasero (2001) laments the lack of quantitative documentation of the outcomes of 

a Physics First approach and cites this absence as the most significant finding of his study 

of schools using Physics First. In the dozen years following Pasero’s call for more 

research on the outcomes of a Physics First approach, a handful of published studies 

suggest that Physics First increases students’ conceptual understanding of physics 

(Gaubatz, 2013; Liang, L., Fulmer, G., Majerich, D., Clevenstine, R., & Howanski, R., 

2012;  O’Brien & Thompson, 2009) and advanced science course-taking and 

achievement (Gaubatz, 2013; Goodman & Etkina, 2008; Liang et al., 2012; Livanis, 

2006). While Gaubatz (2013) found no significant difference in mean ACT score gains 
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for students in a high school science sequence beginning with physics compared to their 

peers who took a traditional sequence, Dye, Cheatham, Rowell, Barlow, and Carlton 

(2013) found otherwise.  There remains a dearth of research measuring the effects of a 

Physics First approach on the science college readiness of historically underserved 

students.  Determining the effect of a Physics First approach on the science college 

readiness of students would inform the decisions of school and district leaders on how to 

better prepare their historically underserved students for post-secondary studies in STEM 

and STEM careers.  

Research Methods and Question 

This quantitative study utilized a retrospective cohort observational study design 

(Hoffmann & Lim, 2007; Mann, 2003) using extant data.  The primary research question 

was: Are there differences between historically underserved students completing a 

Physics First science sequence and their peers completing a traditional science sequence 

in: 

1.       11
th

 grade ACT science scores; 

2.       College- and career-readiness as measured by the ACT science test; and 

3.       Interest in STEM as measured by the ACT interest inventory? 

The study was situated in a suburban school district in the northwest United States 

with ten high schools. School enrollment varied from 200 to 2200 students with more 

than one-third of students qualifying for free or reduced price lunch and an equal number 

of students of color and White students.  Students entering grade 9 in the fall of 2010 and 

2011 served as the control group.  The treatment group consisted of grade 9 students 
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entering in the fall of 2012 and the fall of 2013 (who were scheduled into an inquiry-

based with modeling science sequence consisting of physics, chemistry, and biology). To 

reduce plausible rival explanations, statistical methods (i.e. multiple linear regression and 

binary logistic regression) were employed to adjust for initial differences between the two 

groups (if present) and reduce the effect of unwanted variables (Krathwohl, 2009). A 

number of confounding variables could not be controlled which weakened the internal 

integrity of the study, however.  These variables included any differences between the 

two groups in science instruction received in the 8
th

 grade between November and June 

and changes in teachers assigned to courses and their initial content and pedagogical 

knowledge.  As with the study by Gaubatz (2013), findings from a study of a single 

district “should be tempered with the understanding that successful change within 

educational settings is context-dependent” (p. 25). 

Key Concepts 

 For the purpose of this study, the following definitions are used: 

 

Black is a term that refers to a person whose ethnicity is not Hispanic or Latino 

“having origins in any of the Black racial groups of Africa” (Humes, Jones, & Ramirez, 

2011, p. 3).  Blacks are people who indicated their race(s) as “‘Black, African Am., or 

Negro’ or reported entries such as African American, Kenyan, Nigerian, or Haitian” 

(Humes et al., 2011, p. 3). 

College- and career-ready is a description of a high school student who possesses 

certain characteristics that are predictive of their success in college.  It describes a student 

has achieved a score at or above a given college readiness benchmark on an EXPLORE, 
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PLAN, or ACT assessment (ACT, 2013d). College readiness benchmarks are scores on 

the ACT subject-area tests that represent the level of achievement required for a student 

to have a 50% chance of obtaining a B or higher or about a 75% chance of obtaining a C 

or higher in the corresponding credit-bearing first-year college courses of college algebra 

(mathematics) and biology (science) (ACT, 2013d). The college benchmarks for these 

tests are 18, 20, and 23, respectively. While these assessments are primarily content 

knowledge assessments, the college readiness benchmarks established for these tests 

predict a student’s success in credit-bearing college coursework in the content area. 

Using a single assessment to predict college readiness is problematic, however 

(Maruyama, 2012).  Other scholars define college and career readiness using different 

constructs and measures (Maruyama, 2012). David Conley's (2010) key dimensions of 

college readiness are college knowledge, academic behaviors, content knowledge, and 

key cognitive strategies. College knowledge, also referred to by Conley as “contextual 

skills and awareness,” is defined as “the privileged information necessary to understand 

how college operates as a system and culture”. Academic behaviors that generally relate 

to self-management is the dimension of college readiness that includes a “range of 

behaviors that reflects greater student self-awareness, self-monitoring, and self-control of 

a series of processes and behaviors necessary for academic success”.  Content knowledge 

is described as “overarching academic skills,” which include reading and writing, and 

“core academic subjects knowledge and skills,” encompassing English, mathematics, 

science, social studies, world languages, and the arts. Key cognitive strategies include 

problem formulation, interpretation, research skills, communication, and precision and 
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accuracy (Radcliffe & Bos, 2013).  Spence (2007) defines college and career readiness as 

“the ability to read and write effectively and to think logically and symbolically, as taught 

in mathematics” (p. 42) while Burtnett (2010) writes that college and career readiness is 

“taking a core curriculum to prepare [students] for advanced career training or associate 

or bachelor's degrees — a ‘college-ready’ core of courses” (p. 42).   

Economically disadvantaged students are students who are eligible for the 

National School Lunch Program. 

Hispanic/Latino is a term that refers to “a person of Cuban, Mexican, Puerto 

Rican, South or Central American, or other Spanish culture or origin regardless of race” 

(Humes et al., 2011, p. 2). 

Historically underserved students are Black, Hispanic/Latino, Native American, 

Pacific Islander, English language learners, or economically disadvantaged students. I use 

the term historically underserved to emphasize the patterns of STEM achievement for 

these student groups as opposed to inadvertently evaluating current educational 

programming for these students by using only the term underserved.  Other scholars 

include different student groups in their definition of historically underserved and may 

substitute the word “underrepresented” for the word underserved. Hernandez, Schultz, 

Estrada, Woodcock, and Chance (2013) define underrepresented students in STEM as 

“women and African American and Latino students” (p. 89).  Contreras (2011) adds 

Native American youth and subtracts women from his definition (p.505).  For Shanahan, 

Pedretti, deCoito, and Baker (2011), students typically underrepresented in science are 

“English language learners (ELLs), girls, and students at low-achieving schools” (p. 131). 
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Native American is a term that refers to “a person having origins in any of the 

original peoples of North and South America (including Central America) and who 

maintains tribal affiliation or community attachment” (Humes et al., 2011, p. 3). 

Odds is “the probability of an event occurring divided by the probability of that 

event not occurring” (Fields, 2016, p. 880).  

Odds ratio is the ratio of the odds of an event occurring in one group compared to 

the odds of the same event occurring in a second group (Durlak, 2009; Fields, 2016).  

Opportunity to Learn (OTL) is the set of instructional activities provided to 

students to help them acquire the knowledge, skills, and abilities defined in a set of 

standards (Schmidt & McKnight, 2012). Tate (2008) deconstructs OTL into three 

aspects: 1) content exposure and coverage, 2) content emphasis, and 3) quality of 

instruction (Ottmar et al., 2013). 

Pacific Islander is a term that refers to “a person having origins in any of the 

original peoples of Hawaii, Guam, Samoa, or other Pacific Islands” (Humes et al., 2011, 

p. 3). 

Physics First is a high school curricular framework for a three-year core 

curriculum for high school science which inverts the traditional order in which biology, 

chemistry, and physics are taught in high school so that physics is followed by chemistry 

and then biology (Pasero, 2001). 

Scientific inquiry is a method of thinking that occurs when learners “construct 

explanations of phenomena in their world by generating questions, making predictions, 

marshaling evidence, building explanations, and integrating scientific concepts with real 
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world experience” (Marx, Blumenfeld, Krajcik, Fishman, Soloway, Geier, and Tali, 

2004). Thadani, Cook, Griffis, Wise, and Blakely (2010) write that scientific inquiry is 

not only about the production of knowledge, but also critique.  Moje (2007) defines 

scientific inquiry similar to Marx et al., but adds “communicating their findings to 

others” as an essential component (p. 11).  Finally, Lederman, Lederman, and Antink 

(2013) also expand on the definition of Marks et al., writing “scientific inquiry extends 

beyond the mere development of process skills such as observing, inferring, classifying, 

predicting, measuring, questioning, interpreting and analyzing data [and] also refers to 

the combining of these processes with scientific knowledge, scientific reasoning and 

critical thinking to develop scientific knowledge” (p.142).   

STEM is an acronym for a group of academic disciplines that are in the areas of 

science, technology, engineering, and mathematics (SEDTA, 2008). Other  richer 

concepts of STEM include emphasizing an interdisciplinary approach to real-world 

lessons and/or contexts (Gerlach, 2012) or an integrated approach in which the four 

disciplines are integrated into a single course or courses (Brown, Brown, Reardon, & 

Merrill, 2011). 
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CHAPTER 2 

A REVIEW OF RELATED LITERATURE 

The purpose of this retrospective cohort observational study was to determine if 

the science college readiness of historically underserved students can be improved by 

implementing an inquiry-based high school science curriculum comprised of coursework 

in physics, chemistry, and biology for every student.  The current literature indicates that 

student interest in and preparation for STEM careers may be increased by a Physics First 

approach centered on developing conceptual understanding, using inquiry labs and 

modeling to provide students opportunities to explore scientific phenomenon, and 

addressing and correcting student misconceptions.  

Theoretical Framework 

As the new century progresses, awareness has increased that high school diplomas 

too often leave young adults unprepared for success in college has increased (Conley, 

2010; Darling-Hammond, 2010). In 2010, the National Governors Association (NGA) 

and the Council of Chief State School Officers (CCSSO) released the final Common 

Core State Standards (CCSS) which are “academic benchmarks intended to define the 

knowledge and skills that high school graduates will need to be successful in college and 

careers” (Center for Public Education, 2014, p. 16). To support schools and districts in 

providing all students with an internationally-benchmarked science education, teams 

from 26 states collaborated with a 41-member writing team and partners throughout the 

country to develop the Next Generation Science Standards (NGSS) which were released 

in April 2013 (NSTA, 2011). The NGSS “seek not only to provide students with a 

foundation of essential knowledge, but also to lead young people to apply their learning 
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through scientific inquiry and the engineering-design process to deepen understanding” 

(Robelen, 2013, p.1). The adoption of the NGSS, along with aligned curriculum and 

instructional materials, is a necessary but insufficient strategy for increasing the 

preparation of students for STEM careers (Bair & Bair, 2014).  For students to attain the 

NGSS, educators must improve students’ opportunity to learn by focusing on “what and 

how well students are taught in classrooms” (Herman, 2007, p. 4).  Darling-Hammond 

(2010) asserts that “unequal access to high-level courses and challenging curriculum 

explains much of the difference in achievement between minority students and White 

students” (p.52). Lee (2005) concurs by noting that when historically underserved 

students “are provided with equitable learning opportunities in school or in their 

communities, they demonstrate academic achievement, interest, and agency” (p. 438).  

After analyzing the 2012 Programme for International Student Assessment (PISA) 

results, Schmidt et al. (2015) conclude that “any serious effort to reduce educational 

inequalities must address unequal content coverage within schools” (p. 381). It logically 

follows that adoption of a science curriculum in which classes across schools are taught 

using common units of instruction aligned to standards would help address both across-

school and in-school variation in content coverage.  A science sequence with common 

standards and instruction would close the content gap, however I also assert that the 

instruction within such a sequence must be of high quality and culturally responsive. As 

Darling-Hammond reminds us: 

Decades of research have shown that teachers who produce high levels of learning 

for initially lower- and higher-achieving students alike provide active learning 

opportunities involving student collaboration and many uses of oral and written 

language, connect to students’ prior knowledge and experiences, provide hands-
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on learning opportunities, and engage students’ higher order thought processes. 

(p.55) 

 

Providing students with richer learning, inquiry-based instruction contributes to a 

socially-just pedagogy described by Moje (2007) and Thadani et al. (2010). I maintain 

that implementing a common science sequence for all students beginning with physics 

and grounded in inquiry and modeling (a Physics First approach) can close opportunity to 

learn (OTL) gaps experienced by traditionally underserved students in terms of both 

content and instructional quality while incorporating elements of a socially-just 

pedagogy.  Further, successful implementation of a Physics First approach requires 

school and district actions to ensure teachers have the knowledge, self-efficacy, and 

beliefs to implement the new science curriculum sequence effectively (Asghar, Ellington, 

 

   

Figure 1. Theoretical framework. 
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High School Center, 2008; Penuel, Fishman, Yamaguchi, & Gallagher, 2007).  This 

theoretical framework for closing opportunity to learn gaps using a Physics First 

approach is shown in Figure 1. 

Review of the Research Literature 

I begin the review of the literature with a brief description of Physics First and its 

effects on improving student achievement in science.  I then review the literature on 

opportunity to learn (OTL) gap and summarize the components of OTL.  I conclude the 

review by relating research on aspects of Physics First to the three components of OTL 

described by Ottmar et al. (2013): content coverage, content exposure and emphasis, and 

instructional delivery. 

Physics First.  Physics First is a framework for a three-year core curriculum 

which inverts the traditional science sequence of biology, chemistry, and physics in U.S. 

high schools so that physics is taught first followed by chemistry and then biology 

(Pasero, 2001).  The objective of the Physics First approach “is to build knowledge of 

science and the concurrent use of mathematics, following the hierarchical nature of 

science as it has unfolded over the past century” (Bardeen & Lederman, 1998, p.178).  

Understanding concepts of energy storage and transfer and electrostatic and nuclear 

forces in physics helps students master chemistry the following year.  Likewise, students 

well-grounded in the basics of atoms and molecules developed in physics and chemistry 

will better understand DNA and polymers in biology. Uri Haber-Schaim (1984), an early 

proponent of Physics First, provides clear examples from science textbooks of 
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prerequisite knowledge from physics that are found in high school chemistry texts and 

the same for chemistry prerequisites found in biology textbooks. 

A Physics First approach is not a mere reordering of the traditional high school 

science course sequence, however:   

In a beginning course in physics, students explore their own notions about 

common, everyday phenomena, discuss their observations with peers, and draw 

conclusions to be tested.  They begin to make predictions, practice data collection 

and graphing techniques, apply some mathematical skills to real situations, and 

start to make sense of observations.  

(High School Committee of the American Association of Physics Teachers, 2009, 

pp. 6) 

 

The beginning physics course in the inverted science sequence focuses on conceptual 

understanding rather than mathematical manipulation, uses inquiry labs to allow students 

to explore new ideas, and addresses and corrects student misconceptions (High School 

Committee of the American Association of Physics Teachers, 2009).  The literature 

supporting the use of these instructional approaches to improve student learning in 

science are discussed further in a later section of this paper.  

 Despite better reflecting the evolving nature of science and how students learn, 

few schools begin their high school sequence with physics.  A 2005 survey of physics 

teachers found only 3% of public schools employ a Physics First approach (High School 

Committee of the American Association of Physics Teachers, 2009).  Pasero (2001) 

laments the lack of quantitative documentation of the outcomes of a Physics First 

approach and cites this absence as one of “the most significant findings” of his study of 

schools using Physics First (p. 13). In the dozen years following Pasero’s assessment, 

several studies suggest that Physics First increases students’ conceptual understanding of 
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physics (Gaubatz, 2013; Liang et al., 2012;  O’Brien & Thompson, 2009) and increases 

advanced science course-taking and achievement (Gaubatz, 2013; Goodman & Etkina, 

2008; Liang et al., 2012; Livanis, 2006). While Gaubatz (2013) identified no significant 

difference in mean ACT score gains for students in a high school science sequence 

beginning with physics compared to their peers who took a traditional sequence, Dye et 

al. (2013) found otherwise.  Mean ACT science scores were higher for students in the 

Physics First sequence (effect size .14) and even higher for the Physics First with 

modeling (effect size .29).  The increase in the percentage of students graduating college 

ready in science was roughly 20 percentage points higher for both the Physics First and 

Physics First with modeling compared to the traditional sequence (Dye et al., 2013).  

Unfortunately, none of these studies reported results for historically underserved students.   

The opportunity to learn gap.  The concept of opportunity to learn (OTL) is 

defined by researchers in a number of ways.  Broadly speaking, opportunity to learn is 

the set of instructional activities provided to students to help them acquire the knowledge, 

skills, and abilities defined in a set of standards (Schmidt & McKnight, 2012). OTL 

originated in the work of the International Association of Educational Achievement 

during the 1960s to facilitate international comparisons of student achievement 

(McDonnell, 1995). Tate (2008) deconstructs OTL into three aspects: 1) content exposure 

and coverage, 2) content emphasis, and 3) quality of instruction (Ottmar et al., 2013).  

Stevens (1993) subdivides content exposure and content coverage into two distinct 

categories.  Boscardin, Aguirre-Munoz, Stoker, Kim, Kim, and Lee (2005) deconstruct 

opportunity to learn into the facets of curriculum content, instructional strategies, 
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instructional resources (including teacher preparation), and assessment preparation 

developed by Herman, Klein, and Abedi (2000). Content coverage refers to the extent to 

which students are exposed to the core concepts identified for their grade or class.  

Content exposure encompasses both time devoted to instruction and depth of teaching.  

Content emphasis refers to both which topics receive emphasis and the balance in 

instruction of lower-order and higher-order skills.  Finally, instructional delivery 

examines factors such as coherence, the quality of interactions between students and 

teachers, and the pace of instruction. (McDonnell, 1993; Stevens, 1993; Wang, 1998). 

 

Figure 2. Three of opportunity to learn (OTL). 

Over the past half century, numerous studies have demonstrated the link between 

OTL illustrated in Figure 2 and student achievement in mathematics and science 

(Schmidt et al., 2015).  In a study of the relationship between OTL and student 

achievement on high school end-of-course exams in Algebra and English, Boscardin et 

al. (2005) found that content coverage was positively correlated with student 

performance.  Ottmar et al. (2013) found an association between content exposure and 

achievement of 5
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encompasses low quality instruction with an emphasis on lower-order thinking and low-

level content, often delivered by less prepared teachers (Berry, Ellis, & Hughes, 2013; 

Stevens, 1993).   For historically underserved students and Black students in particular, 

this opportunity to learn gap translates directly to an achievement gap (Berry et al., 2013; 

Tate, 2008).  Other researchers, however, point out other gaps outside the school setting, 

including residential segregation, unequal access to health care, differences in community 

assets, family structure and parental support, unequal access to community resources that 

influence the low achievement of historically underserved students (Ladson-Billings, 

2006; Milner, 2012; Putnam, 2015).  While these external influences undoubtedly 

influence student achievement, they cannot be directly addressed by schools.  Conscious 

efforts to close opportunity to learn gaps are within the purview of schools. As 

Rotherham and Willingham (2009) assert:  

Today we cannot afford a system in which receiving a high-quality education is 

akin to a game of bingo. If we are to have a more equitable and effective public 

education system, skills that have been the province of the few must become 

universal (p. 16). 

   

As demonstrated by Schmidt and McKnight (2012), this game of bingo and its 

prize of access to high quality opportunities to learn occurs at all levels of education 

(between communities, between schools, and between classrooms) with the greatest 

source of variation in opportunity to learn occurring between classrooms. Banks, 

Cookson, Gay, Hawley, Irvine, Nieto, Schofield, and Stephan (2001) argue schools must 

“ensure that all students have equitable opportunities to learn and to meet high standards” 

(p. 198).  
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Content coverage.  The creation and adoption of common standards by states 

provide an impetus for reducing the variation across states, schools, and classrooms by 

defining common content coverage for all students and thereby reduce inequality in 

opportunities to learn (Schmidt & Burroughs, 2013).  However, the number of science 

courses students have to choose from undermines this attempt at closing the opportunity 

gap.  As documented by Schmidt and McKnight (2012) in their analysis of course 

sequences in 16 districts participating in the Third International Math and Science Study 

replication (TIMSS-R), the number of science courses offered in high school ranged from 

7 to 55.  This variety in science courses results in many possible sequences or tracks 

students may experience in high school, “leading to very different learning experiences 

with science content” (Schmidt & McKnight, 2012). Students in different sequences or 

tracks have access to different types of content knowledge and experience different types 

of classroom instruction (Abedi & Herman, 2010; Callahan, 2005; Oakes, 1990).  Simply 

put, tracking promotes inequality:   

The achievement gap between students in high-level classes and those in low-

level classes grows over time. A major cause for increasing inequality is that the 

pace, complexity, and challenge of classroom instruction are higher in high-track 

classes than elsewhere (Gamoran, Porter, Smithson, & White, 1997, pp.325-326). 

 

English Language Learners, Black, Latino, and economically disadvantaged students are 

underrepresented in high track classes, even after controlling for prior achievement 

(Burris & Wellner, 2005; Callahan, 2005; Oakes, 1990; Oakes & Wells, 1998; Zuniga, 

Olson, & Winter, 2005).  Assigning students to a common high school science sequence 

would close OTL gaps in content coverage.  However, proponents of ability tracking 

argue that tracking improves learning for all students by reducing the extreme variation in 
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student abilities within individual classrooms (Zuniga et al., 2005).  In their analysis of 

10
th

 graders in the National Educational Longitudinal Study of 1998, Argys, Rees, and 

Brewer (1998) found that low-ability students improved on achievement tests when 

assigned to heterogeneous math classes while average and high-ability students lost 

ground.  Another study from the same data set found that all students learned more in 

tracked algebra classes than in heterogeneously grouped classes (Loveless, 1999).  In 

contrast, Oakes (1990) cites numerous studies demonstrating that high-ability students do 

as well in mixed-ability classes as in tracked classes. 

 It should be noted here that de-tracking or closing gaps in content coverage alone 

may not fully close the opportunity to learn gap for historically underrepresented 

students.  Based on their ethnographic study of a low-track Earth science classroom in a 

southern high school, Gilbert and Yerrick (2001) warn that detracking schools will not 

bring about positive results as long as school structures that rely on punitive means to 

maintain student compliance with school rules rather than resolve conflicts are not 

addressed. 

Research on high school course-taking patterns has shown that enrollment in 

advanced-level science and math courses is related to college aspirations, college 

attendance and degree attainment (Tyson, Lee, Borman, & Hanson, 2007).  In their study 

of course-taking patterns among Florida high school graduates, Tyson et al. (2007) found 

that Black and Hispanic/Latino students who complete advanced science and math 

coursework are at least as likely to obtain a STEM degree in college as their White 

counterparts.  I argue that a Physics First approach in which all students complete 
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physics, chemistry and biology during their first three years of high school reduces 

content variation and opens the door for more students, particularly historically 

underserved students, to take advanced coursework in science.  This approach answers 

the call of Schmidt & McKnight (2012) for “a sensible, limited number of tracks 

(sequences) that are less arbitrary and that reflect 21
st
-century economic realities” (p. 

122). I further assert that a Physics First approach for all students supports student 

success in science coursework in college.  Students earn higher grades in college biology, 

chemistry, and physics courses if they have taken the same subject in high school 

compared to students who have not had the corresponding course in high school (Sadler 

& Tai, 2007).  

Content exposure and emphasis.  Compared to other countries, the K-12 math 

and science curriculum in the United States has been criticized for having too many 

topics that are taught at a superficial level (Krajcik & Merritt, 2012; Robelen, 2010; 

Schmidt, Wang, & McKnight, 2005).  A Framework for K-12 Science Education 

(National Research Council, 2012), on which the NGSS are based, is an attempt to bring 

coherence and depth to the U.S. science curriculum. The second dimension of OTL, 

content emphasis and exposure, is concerned with depth of teaching, topic coverage, and 

the balance in instruction of lower-order and higher-order skills.  Like the debate over 

tracking, aspects of this dimension of OTL –depth versus breadth in the curriculum and 

how students best learn -- have been debated for decades.  In this section I examine the 

literature on depth versus breadth, scientific inquiry and modeling, the learning theory of 

Physics First, constructivism, and culturally relevant pedagogy. 



PREPARING HISTORICALLY UNDERSERVED STUDENTS FOR STEM 

 

25 

Depth versus breadth. Time spent on topics and the cognitive demand of tasks are 

key components of quality curriculum and opportunity to learn (Schiller et al., 2010). 

Students in lower-level math tracks “receive lesser amounts of cognitively challenging 

instructional material in their courses than those in regular or advanced tracks” (Schiller 

et al., 2010, p.428).  Compared to their international peers, U.S. students and their 

teachers work with math and science textbooks that have more topics, a wider variety of 

topics across textbooks, and have more content breaks (Schmidt & McKnight, 2012). 

Textbooks determine the content for 75% to 90% of classroom instruction across the 

United States (Boone, 2006; Finn & Ravitch, 2001). The emphasis on breadth over depth 

in U.S. textbooks makes learning science and math more difficult for students in the U.S. 

(Schmidt & McKnight, 2012).  Further, students who race through more content in 

textbook-centered courses do less well in college coursework than students who report 

spending more time on fewer topics (Sadler & Tai, 2007; Schwartz et al., 2008; Tai, 

Sadler, & Mintzes, 2006).  Sadler and Tai (2007) also found that students whose high 

school science teachers emphasize conceptual understanding earn higher grades in 

college science coursework.  Scientific inquiry and modeling as methods for increasing 

the conceptual understanding of students are discussed in more detail below. 

Scientific inquiry and modeling. Scientific inquiry is a method of thinking that 

occurs when learners “construct explanations of phenomena in their world by generating 

questions, making predictions, marshaling evidence, building explanations, and 

integrating scientific concepts with real world experience” (Marx et al., 2004).  Scientific 

inquiry by students reflects the same type of behavior that real-life scientists use, 
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although “not on the same scale” (Lederman, 1998, p.10).  Inquiry pedagogy is 

prominent in the national standards documents promulgated during the last twenty years.  

The National Research Council’s A Framework for K-12 Science Education, which 

serves as the foundation for the Next Generation Science Standards, describes scientific 

inquiry in the Scientific and Engineering Practices dimension of the Framework listed in 

Table 1. 

The inquiry-oriented instruction outlined in A Framework for K-12 Science 

Education positive impacts student achievement (Kanter & Konstantopoulos, 2010; 

Schroeder, Scott, Tolson, Huang, & Lee, 2007). The meta-analysis conducted by Minner, 

Levy, and Century (2009) also finds a clear, positive trend favoring inquiry-based 

instructional practices, particularly pedagogy that emphasizes student active thinking and 

drawing conclusions from data.  As reported by Geier et al. (2008), the implementation of 

standards-based, inquiry science units also leads to standardized achievement test gains 

for historically underserved urban students.  Thus, inquiry instruction is a viable strategy 

for closing the achievement gap in science (Johnson, 2009; Marshall & Alston, 2014). 

Table 1: Scientific and Engineering Practices 

1. Asking questions (for science) and defining problems (for engineering) 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations (for science) and designing solutions (for engineering) 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information  

 

A Framework for K-12 Science Education (National Research Council, 2012, p. 42) 
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Modeling instruction emphasizes students constructing and applying conceptual 

models of physical phenomenon in order to learn science. Jackson, Dukerich, and 

Hestenes (2008) describe the essence of modeling instruction and provide strong 

evidence of effectiveness of the modeling approach.  The modeling cycle consists of two 

stages: model development and model deployment.  In the model development stage, the 

teacher sets the stage with a class demonstration and discussion related to a key question.  

Students then work in small groups to plan and conduct experiments to answer or clarify 

the question. In the second stage, model deployment, students deploy their newly-formed 

model to a new situation in order to refine and deepen their understanding of the concept. 

Jackson et al. assert that modeling instruction corrects many of the deficiencies of 

traditional science instruction, including fragmented knowledge, student passivity, and 

the persistence of student misconceptions. Data from the Force Concept Inventory (FCI) 

“the most widely used and influential instrument for assessing the effectiveness of 

introductory physics instruction” provide evidence supporting the effectiveness of 

modeling instruction compared to traditional instruction (Jackson et al., 2008, p. 15).  The 

results from over 30,000 students taking the FCI as both a pre- and post-test found that 

students in modeling classes demonstrated a gain of more than double the learning of 

students in traditional instruction (Jackson et al., 2008). 

The hands-on, minds-on nature of inquiry and modeling can also increase the 

interest of students in science.  Examining the experience of students in a chemistry class 

in an alternative high school, Peterson-Beeton (2007) reports that Latino students in the 

school lose interest in science due in part to the lack of hands-on activities. Review of the 
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literature suggests that inquiry and modelling are also compatible with both brain science 

and constructivist learning as summarized in the next two sections.    

Learning theory of Physics First.  In proposing an inverted science sequence 

beginning with physics, Lederman (1998) draws upon the neuro and cognitive sciences to 

reject a “mechanistic” paradigm of learning in favor of an “organic” one as outlined in 

Table 2 (p. 8).  According to Lederman (1998), this organic approach to learning requires 

that science teachers create conditions for learning that enable students to: 

• process many different kinds of information simultaneously; 

• understand information when it is embedded in messy yet relevant, authentic, 

novel, challenging and information-rich contexts; 

• construct meaning through connections and pattern formulation; 

• organize and associate new information with their existing knowledge; 

• collaborate with peers and adults in challenging (but not threatening) endeavors; 

and 

• actively and continuously engage in the practice of their new learning by 

constantly revisiting it at increasingly higher levels of complexity over extended 

periods of time (p. 8-9) 

 

 

Table 2: Mechanistic and Organic Paradigms of Learning 

Mechanistic Paradigm of 

Learning 

Organic Paradigm of Learning 

The brain as serial computer The brain acts as a parallel processor able to 

process many different kinds of information 

simultaneously. 

Learning as information 

accumulation 

Learning is an internally and socially mediated 

process of constructing meaning from patterns 

created through multiple representations of 

knowledge 

The mind as a tabula rasa The mind is a dynamic, self-organizing “plastic” 

neural network that learns best when the context of 

learning is embedded in the entire physiology—

including the body and the emotions. 
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An inverted science sequence beginning with physics creates these conditions by 

reflecting the nature of modern science.  Modern biology courses emphasize genetics, 

molecular methods, and biochemistry (O’Brien & Thompson, 2009).  Modern chemistry 

emphasizes atomic structure (O’Brien & Thompson, 2009).  Understanding modern 

chemistry requires a solid grounding in physics while a good understanding of modern 

biology requires fundamental understanding of principles and concepts of both chemistry 

and physics (Haber-Schaim, 1984; Liang et al., 2012; Mervis, 1998). Physics, “the most 

concrete of sciences,” provides a platform for students to understand “the unobservable 

interactions between atoms and molecules” fundamental in chemistry and biology (Hill, 

2013, p. 38). 

Constructivism. The conditions of learning in Lederman’s organic approach are 

consistent with constructivist learning principles: assimilation of knowledge into current 

knowledge structures/schema, collaborating with peers and more knowledgeable others 

during learning, challenging tasks appropriate for the learner’s Zone of Proximal 

Development, and extending learning at higher levels of complexity over time (Lutz & 

Huitt, 2004). 

Cakir (2008) posits that the growth in the use of constructivist pedagogy may be 

ascribed to the appeal of aspects of the constructivist learning theories of Piaget, Ausubel, 

and Vygotsky outlined above; “namely, the importance of ascertaining prior knowledge, 

or existing cognitive frameworks, as well as the use of dissonant events (relevant 

information) to drive conceptual change” (p. 196).  Based on his review of the literature, 

Cakir argues that science teachers would be more effective if “they understood the 
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barriers to conceptual learning (particularly the strong hold of prior misconceptions and 

the resistance to conventional instruction) and if they become familiar with the education 

research and strategies dealing with these misconceptions” (p. 202).  A study of 181 

middle school science teachers conducted by Sadler, Sonnert, Coyle, Cook-Smith, and 

Miller (2013) supports Cakir’s assertion.  Sadler et al. found that teachers’ understanding 

of their students’ most common misconceptions was correlated with increased gains in 

the learning of their students. In addition to providing learning experiences which directly 

confront student misconceptions, Cakir suggests teachers: 1)  recognize that science 

concepts are learned over time (through integration into student’s existing schemata); 2) 

understand effective science lessons are a social process in which the teacher and peers 

play a crucial role; 3) recognize the role of language in conceptual development; and 4) 

understand that learning science involves students being initiated into the ideas and 

procedures of the scientific community (enculturation) as well as making these ideas 

meaningful at the individual level of the student.  

While behaviorists would decry Lederman’s rejection of the mind as tabula rasa, 

his organic learning principles align with Haberman’s concept of “good teaching.” 

Haberman (1991) describes both the “pedagogy of poverty” experienced by students in 

high poverty, high minority urban schools and its alternative, good teaching.  The 

pedagogy of poverty is characterized by teacher-directed classrooms in which the core 

functions of a teacher are giving information, directions, assignments, and homework; 

monitoring student behavior and seatwork; and marking papers and giving grades.  The 

result of the pedagogy of poverty is “nonthinking, underdeveloped, unemployable” 
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citizens representing a “personal and societal tragedy” (Haberman, 1999, p. 294). The 

alternative to this pedagogy of poverty, good teaching, is comprised of student 

involvement in vital issues; explanations of human differences; instruction organized 

around big ideas; students applying ideals of fairness and equity; active student 

participation in planning and lessons; real-life experiences; students working in 

heterogeneous groups; and opportunities for students to polish work, critique big ideas, 

and reflect on the personal meaning of their learning. Haberman’s conception of good 

teaching is echoed over a decade later in the guiding principles of A Framework for K-12 

Science Education, a foundation for the Next Generation Science Standards:  

These principles include young children’s capacity to learn science, a focus on 

core ideas, the development of true understanding over time, the consideration 

both of knowledge and practice, the linkage of science education to students’ 

interests and experiences, and the promotion of equity. (National Research 

Council, 2012, p. 24) 

 

Thadani et al. (2009) examined the role that curriculum-based inquiry 

interventions in science might play in addressing Haberman’s pedagogy of poverty.  By 

providing students with richer learning, inquiry-based instruction contributes to a socially 

just pedagogy described by Moje (2007). Thadani et al. also describe how science inquiry 

contributes to a social justice pedagogy: 

Inquiry apprentices children into scientific practice by teaching them to generate 

questions and reason from and about evidence. . . And by positioning children as 

either producers or critics of scientific knowledge, inquiry-based learning disrupts 

traditional teacher-student roles. Students are required to take responsibility 

(albeit to varying degrees, in different inquiry projects) for their work. Their ideas 

(rather than teachers’ ideas or the ideas of some other scientific authority) become 

the central subject of discussion. Moreover, to the extent that inquiry-based 

instruction requires students to generate arguments and critique their own and 

each other’s ideas, it again disrupts the ‘teacher in charge’ model of instruction 

(i.e., the social context) that is emblematic of the pedagogy of poverty. (pp. 23) 
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Evaluating the effects of an inquiry-based intervention in three classrooms, Thadani et al. 

found teaching in intervention classrooms was more inquiry-based and less didactic than 

in control classrooms with differences in control/intervention teaching greatest at the two 

higher-need schools. Intervention students at these two schools had greater gains in 

content learning (effect size of .14 and .22) than control students in each school. The 

authors posit their findings support the “potential power of inquiry-based teaching for 

challenging the pedagogy of poverty” (Thadani et al., 2009, p. 35).  At the same time, 

Thadani et al. warn that access to science inquiry pedagogy curricula alone will not 

remedy the achievement gap in STEM: “teachers and students who are most entrenched 

in it [the pedagogy of poverty] are likely to have more difficulty using such interventions 

faithfully because inquiry-based practices run so counter to their prior experiences and 

beliefs” (p. 35). 

Critical theory.  Critical theorists would argue that even if the pedagogical 

inequities described earlier are addressed through the faithful use of inquiry-based 

science teaching practices, historically underserved students will not achieve at the same 

level as their peers in the dominant culture.  Lee and Buxton (2011) document three 

theoretical perspectives that have been applied to “the challenge of providing engaging 

and equitable science opportunities” for historically underserved students: (a) a 

cognitively based perspective, (b) a cross-cultural perspective, and (c) a sociopolitical 

perspective (p. 278).  I assert that a Physics First approach with modeling is well aligned 

with a cognitive perspective of engaging historically underserved students in science 

through the use of deep questions and vigorous argumentation. Students learn to use 
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language, to think, and to act as members of a scientific community. A Physics First 

approach also provides all students with equal access to high quality, inquiry driven 

instruction. However, I also maintain that the cross-cultural and socio-political 

perspectives described by Lee and Buxton (2011) and advocated by Banks et al. (2001) 

are largely unaddressed. 

 Many educators assert that the incorporation of culturally relevant pedagogy into 

a Physics First approach would address these cross-cultural and socio-political 

perspectives. For Ladson-Billings (1995), culturally relevant pedagogy rests on three 

propositions: (a) teachers use high quality instruction to develop academic skills so that 

students experience academic success; (b) teachers use students' culture as a vehicle for 

learning while students maintain their cultural identity; and (c) teachers provide students 

with opportunities to critically analyze society so that students develop a critical 

consciousness through which they challenge the status quo of the current social order.  As 

I argued earlier, a Physics First science sequence for all students incorporating inquiry 

and modeling develops the academic skills of all students through active learning and the 

construction of new knowledge using students’ prior experiences and misconception.  

“Goals of equity and social justice lie at the core” of this Physics First approach to 

science (Bardeen & Lederman 1998).  Engaging with peers in argumentation from 

evidence also draws upon the culture of historically underrepresented students (Kanter & 

Konstantopolous, 2010; Lee & Buxton, 2011).  Reframing science as constructing 

meaning instead of information acquisition is also culturally congruent and redistributes 

authority within the classroom (Kanter & Konstantopolous, 2010; Patchen & Cox-
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 Standardized beta coefficients are used as standardized effect sizes for multiple 

linear regression (Kelley & Preacher, 2012). The effect size of these differences between 

students in the Physics First with modeling sequence and students in a traditional science 

sequence was .06.  This effect size represents small positive effects in the context of 

student achievement gains in high school on standardized tests of science (Bloom et al., 

2008).  For economically disadvantaged students, however, the 11
th

 grade science score 

for students experiencing a Physics First with modeling science sequence was only 0.29 

points higher than that of students in a traditional science sequence when controlling for 

initial differences, less than half the effect for all students and for other historically 

underserved populations. As illustrated in Figure 6, the effect of Physics First is less than 

15% of the mean gain science score from grade 8 to grade 11 for economically 

disadvantaged students in a traditional science sequence. 

 

 Figure 6. Effect of Physics First for economically disadvantaged students.  11
th

 grade 

score difference predicted by the multiple linear regression model between economically 

disadvantaged students in a Physics First sequence and economically disadvantaged 

students in a traditional science sequence (bar at left) compared to the mean gain score of 

economically disadvantaged students in traditional science (bar at right) and to the 

increase in science college readiness benchmark between grades 8 and 11 (black line). 
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Science college readiness.  Students experiencing a Physics First science 

sequence with modeling, including historically underserved student, were 1.28 times as 

likely to meet the college- and career-readiness benchmark on the ACT science test as 

their peers experiencing a traditional science sequence.  This odds ratio and its 95% 

confidence interval are shown on the left in Figure 7.     

 

Figure 7. Odds ratios produced by the binary logistic regressions. Odds ratios shown with 

95% confidence intervals quantify how many times as likely a student in a Physics First 

science sequence is to achieve an outcome compared to a student in a traditional science 

sequence after controlling for initial differences in demographics and 8
th

 grade status.  

 

Interest in STEM.  Students experiencing a Physics First with modeling science 

sequence, including historically underserved student, were 1.37 times as likely to express 

interest in STEM in grade 11 as their peers experiencing a traditional science sequence.  

This odds ratio and its 95% confidence interval are shown on the right side in Figure 7. 

After controlling for initial differences in 8
th

 grade, this study found historically 

underserved students in a Physics First science sequence had higher ACT science test 

scores, higher rates of science college- and career-readiness, and greater interest in STEM 

careers in grade 11 than their peers in a traditional science sequence. Unfortunately, for 
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economically disadvantaged students, the 11
th

 grade science score difference between 

students experiencing a Physics First with modeling science sequence and students in a 

traditional science sequence was less than half the effect for all students and for other 

historically underserved populations.  However, as with other retrospective cohort 

observational studies, these results have several limitations (Mann, 2003). 

Limitations of the Study 

Compared to a randomized experiment, a major weakness of quasi-experimental 

designs is the difficulty in eliminating rival explanations (Campbell & Stanley, 2015; 

Krathwohl, 2009). Multiple linear regression and binary logistic regression models were 

used to account for any initial differences between students in the traditional science 

cohorts and students in the Physics First cohorts in demographic as well as 8
th

 grade 

science scores, science college- and career-readiness status, and interest in STEM.  Other 

possible confounding variables could not be controlled, however. These variables, which 

weaken the internal validity of the study (Krathwohl, 2009), included any differences 

between the two cohorts in science instruction received in the 8
th

 grade between 

November and June and changes in teachers assigned to courses and their initial content 

and pedagogical knowledge.  It is important to keep in mind that this district 

implemented a Physics First sequence in response to the NGSS. Professional 

development in the NGSS for 8
th

 grade science teachers could influence the instruction 

that occurred in 8
th

 grade science occurring between November and June. In addition, it is 

possible that instructional changes in other content areas during the study period such as 

mathematics or English language arts could influence student achievement in science. 
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This study also did not adjust for the earlier 11
th

 grade ACT testing experienced by 

students in the first cohort of the Physics First sequence, which may underestimate the 

effects of Physics First. 

The use of two cohorts in each group and the large number of students in each 

group provided strong observed statistical power for the regression analysis (Soper, 

2016).  However, the small numbers of students in the Native American and Pacific 

Islander groups warrant interpreting findings for these groups with caution. 

While the college readiness benchmarks established for the EXPLORE and ACT 

science tests predict a student’s success in credit-bearing college coursework in college 

biology, the use of a single assessment alone to predict college readiness is “imperfect, 

incomplete, and limited in what it can assess” (Maruyama, 2012, p. 254). However, 

single dimension benchmarks have advantages, including, in the case of the ACT science 

assessment, providing more information about a student’s areas of need compared to high 

school GPA (Mattern, Radunzel, & Westrick, 2015).  More significantly, Mattern, 

Radunzel, and Westrick assert that the ACT college readiness benchmarks were not 

developed to assess “a student’s readiness for a specific college major or career field” (p. 

5). Using hierarchical logistic regression on ACT science scores and grades from STEM-

identified college science courses of nearly 70,000 students, Mattern, Radunzel, and 

Westrick found that an ACT science score of 25 (as opposed to the science college 

readiness benchmark of 23) resulted in students having an approximately 50% chance of 

earning a B or better in a first-year STEM science course in college.  STEM science 

readiness benchmarks were not identified for the EXPLORE and PLAN tests, however.  
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For this study, higher percentages of all students and historically underserved students in 

the Physics First science sequence (30% and 14%, respectively) attained the STEM 

science college readiness benchmark of 25 developed by Mattern, Radunzel, and 

Westrick compared to their peers in a traditional science sequence (28% and 12%, 

respectively).    

 Finally, as with all studies conducted in a single district, the findings of this study 

“should be tempered with the understanding that successful change within educational 

settings is context-dependent” (Gaubatz , 2013, p. 25). I now attempt to put these findings 

in context as well as identify the implications of the results for policy and practice.  



PREPARING HISTORICALLY UNDERSERVED STUDENTS FOR STEM 

 

100 

CHAPTER 5 

DISCUSSION/CONCLUSION 

The purpose of this study was to determine if the science college readiness and 

interest in STEM of historically underserved students can be improved by implementing 

a system-wide, inquiry-based high school science sequence with modeling comprised of 

coursework in physics, chemistry, and biology.  This Physics First approach to high 

school science seeks to close gaps in content coverage experienced by historically 

underserved students by ensuring all students are exposed to the same content in physics, 

chemistry, and biology.  Incorporating inquiry and modeling in this approach develops 

the academic skills of all students through active learning and the construction of new 

knowledge; thereby closing gaps in content exposure and emphasis more frequently 

experienced by historically underserved students compared to their White, economically 

advantaged peers whose first language is English.   

A quantitative retrospective cohort observational study (Hoffmann & Lim, 2007; 

Mann, 2003) addressed the primary research question: do historically underserved 

students in a Physics First science sequence have 1) higher science college-readiness test 

scores, 2) higher rates of science college- and career-readiness, and 3) greater interest in 

STEM careers in grade 11 compared to their peers in a traditional science sequence?  

Multiple linear regression was used to compare 11
th

 grade ACT science scores of students 

in a traditional science sequence and students in a Physics First sequence after controlling 

for 8
th

 grade science scores and demographic differences between the two groups.  Binary 

logistic regression was used to calculate odds ratios for 11
th

 grade science college 

readiness status and interest in STEM of students in a Physics First sequence compared to 
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students in a traditional science sequence, again taking into account 8
th

 grade science 

college readiness status or STEM interest as well as any demographic differences.  

Varying degrees of positive effects for students in the Physics First with modeling 

sequence were observed on all three measures. 

Synthesis of Findings 

Students experiencing a Physics First with modeling science sequence had 11
th

 

grade science scores .74 points higher compared to their counterparts in a traditional 

science sequence. The differences in the mean scores represent between 18% and 42% of 

the mean gain science scores between grades 8 and 11 of students in traditional science 

instruction. The effect sizes of the increased science scores for students in the Physics 

First sequence was .06, representing a small treatment effect. Bloom et al. (2008) report 

the average annual gain in effect size on nationally-normed science tests is .19 between 

grades 9 and 10 and .15 between grades 10 and 11.  Students experiencing a Physics First 

with modeling science sequence were 1.28 times as likely to meet the college- and 

career-readiness benchmark on the ACT science test as their peers experiencing a 

traditional science sequence.  Students experiencing a Physics First with modeling 

science sequence were 1.37 times as likely to express interest in STEM in grade 11 as 

their peers experiencing a traditional science sequence.  These three findings apply to 

students from historically underserved populations with one exception: the increase in 

11
th

 grade science scores for economically disadvantaged students enrolled in Physics 

First is .29 points higher than economically disadvantaged students in the traditional 

science sequence, compared to .74 points for other student populations.  These three 

findings, summarized in Figure 8, suggest that a Physics First science sequence with 
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modeling better prepares historically underserved students for STEM careers than a 

traditional science sequence. 

 

 

Figure 8. Grade 11 outcomes and effects of Physics First.  

The Larger Context 

For all students to meet the expectations of the Next Generation Science 

Standards (NGSS), educators must improve students’ opportunity to learn by focusing on 

“what and how well students are taught in classrooms” (Herman, 2007, p. 4).  Darling-

Hammond (2010) asserts that “unequal access to high-level courses and challenging 

curriculum explains much of the difference in achievement between minority students 

and White students” (p.52).  After analyzing the 2012 Programme for International 

Student Assessment (PISA) results, Schmidt et al. (2015) conclude that “any serious 

effort to reduce educational inequalities must address unequal content coverage within 

schools” (p. 381). The implementation of a common Physics First science sequence with 

modeling consisting of common units of instruction aligned to the Next Generation 

Science Standards is an effort to close the opportunity to learn gap experienced by 
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historically underserved students by reducing variation in content coverage both within 

and across schools in this district. In this district, students in a traditional science 

sequence could choose from a multitude of science course sequences.  In the Physics 

First approach, all students were scheduled into a common sequence of physics, 

chemistry, and biology.  

Reducing opportunity to learn gaps extends beyond content coverage (Conrad-

Curry, 2011). Closing opportunity to learn gaps requires competent teachers who are 

informed by the research on best practices and provide excellent instruction (Conrad-

Curry, 2011).  This excellent instruction is captured by Darling-Hammond (2010): 

Decades of research have shown that teachers who produce high levels of learning 

for initially lower- and higher-achieving students alike provide active learning 

opportunities involving student collaboration and many uses of oral and written 

language, connect to students’ prior knowledge and experiences, provide hands-

on learning opportunities, and engage students’ higher order thought processes. 

(p.55) 

 

Providing students with richer learning, inquiry-based instruction contributes to a 

socially-just pedagogy described by LeBlanc and Larke (2011), Moje (2007) and Thadani 

et al. (2010).  Implementing a common science sequence for all students beginning with 

physics and grounded in inquiry and modeling (a Physics First approach) can close 

opportunity to learn (OTL) gaps experienced by traditionally underserved students in 

terms of both content and instructional quality while incorporating elements of a socially-

just pedagogy.  Lee (2005) asserts that when historically underserved students “are 

provided with equitable learning opportunities in school or in their communities, they 

demonstrate academic achievement, interest, and agency” (p. 438).  The results of this 

study quantify improved science achievement and science college- and career-readiness 
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faced with perceived or real challenges of teaching all students physics, chemistry, and 

biology (Prime & Miranda, 2006)?  Answering these questions might help explain the 

smaller positive effect of Physics First for economically disadvantaged students than for 

other student groups.  Findings from such qualitative studies addressing these questions 

could also assist districts considering or implementing a Physics First approach. 

Given that there were significant differences in 11
th

 grade science test scores and 

interest in STEM between students in a Physics First science sequence with modeling and 

their peers who experienced traditional science instruction, additional quantitative 

analysis could yield additional insights.  One natural area for further exploration would 

be to assess the impact of a Physics First approach on advanced science course taking of 

historically underserved students.   Students who take advanced science courses, such as 

Advanced Placement or International Baccalaureate are more likely to enter college 

prepared for science coursework and to major in STEM (Klopfenstein, 2004; Radunzel, 

Mattern, & Westrick, 2016; Tai, et al., 2006; Trusty, 2002).  A second avenue of inquiry 

would be to assess the relative contribution of each of the three courses of the Physics 

First sequence to gain in achievement and interest in STEM.  Third, this study was 

conducted in a district with ten high schools.  A number of the schools are large enough 

that school level effects could be explored and used by the district to identify schools 

where particularly effective instructional is occurring as well as schools where additional 

professional development or support for the change process would be beneficial.  

Coupling school level results with qualitative studies on factors affecting implementation 



PREPARING HISTORICALLY UNDERSERVED STUDENTS FOR STEM 

 

109 

and success might assist other district in developing a plan to implement Physics First 

with modeling. 

An examination of the relationship between science achievement and math 

achievement could also be of value.  To what extent are mathematics skills as measured 

by the 8
th

 grade EXPLORE test acting as a gatekeeper to student achievement in high 

school science?  Is the lower effect on 11
th

 grade science test scores for economically 

disadvantaged students in this study correlated with mathematics achievement prior to or 

during high school? Also, do students in a Physics First sequence have better math skills 

in 11
th

 grade compared to their peers in a traditional science sequence controlling for any 

differences in 8
th

 grade math test scores? The emphasis on the development and use of 

mathematical models (e.g., linear, quadratic, inverse) and emphasis on conceptual 

understanding in the Physics First approach can deepen students understanding of these 

mathematical relationships (Hill, 2013; O’Brien & Thompson, 2009).  Glasser (2012) 

provides evidence of improved PSAT math scores for student in a Physics First sequence, 

however the study was conducted in a single private high school with a very small 

sample size. 

Additional quantitative analysis of results by gender may also informative.  Women 

are also identified as a historically underserved population in STEM degree attainment 

and employment, particularly in physics, computer science, and engineering (Beede, 

Julian, Langdon, McKittrick, Khan, & Doms, 2011; Cheryan, Ziegler, Montoya, & Jiang, 

2017).  Did the increases in STEM interest and science college readiness of students in 

this Physics First implementation benefit male and female students equally? 
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Finally, this study examined the effects of implementing a Physics First on the 

science achievement and STEM interest of the first two cohorts of students in the 

sequence.  As noted by Fullan (1994), “change involves learning to do something new” 

(p. 2843). Asking teachers to implementing a new curriculum and associated methods of 

teaching, in this case inquiry and modeling, may engender feelings in some teachers of 

being de-skilled (Altrichter, 2005) despite professional development provided by the 

district.  Altrichter (2005) also recognized that teacher learning in the context of 

curriculum implementation extends over time.  Analysis of student achievement and 

STEM interest from the third and even fourth cohorts of students in Physics First would 

assess the effects of long term implementation and could also be used by the district to 

both monitor and improve the adopted Physics First approach.   

Improving the STEM readiness of students from historically underserved groups is a 

moral and economic imperative (Levin, 2009; National Academies, 2007).  The purpose 

of this study was to determine if the science college readiness of historically underserved 

students could be improved by implementing this Physics First approach for all students.  

A retrospective cohort observational study using multiple linear regression and binary 

logistic regression assessed the differences in 11
th

 grade science college- and career-

readiness test scores, rates of science college- and career-readiness, and interest in STEM 

between historically underserved students in a Physics First science sequence and their 

peers in a traditional sequence. The results of this study found implementing a high 

school science sequence beginning with physics and centered on developing conceptual 

understanding through inquiry labs and modeling had small positive effects on science 



PREPARING HISTORICALLY UNDERSERVED STUDENTS FOR STEM 

 

111 

college- and career-readiness and interest in STEM careers for historically underserved 

students.  While findings from a study conducted in a single district “should be tempered 

with the understanding that successful change within educational settings is context-

dependent” (Gaubatz , 2013, p. 25), this study adds to the limited literature on the 

effectiveness of a Physics First approach (Glasser, 2012) and confirms positive effects 

found in the study by Dye et al.(2013).  This study also breaks new ground by 

quantifying outcomes of Physics First for historically underserved students, a topic which 

has been unexplored to date, but is more important than ever in an era of increasing racial 

and ethnic diversity, income inequality, technological advancement and global 

competition.  
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APPENDIX A 

CONTENT SPECIFICATIONS FOR THE ACT SCIENCE TEST  

The ACT Science Test is a 40-item test drawing on content typically covered in high 

school science courses (ACT, 2014). The test emphasizes scientific reasoning skills over 

recall of scientific content.  Materials are drawn from biology Earth/space science, 

physics, and chemistry with at least one passage, and no more than two passages, from 

each content area (ACT, 2014).  Advanced knowledge in these four subjects is not 

required, but background knowledge acquired in general introductory science courses is 

necessary for some questions (ACT, 2014).  Questions are presented in three formats: 

Data Representation, Research Summaries, and Conflicting Viewpoints (ACT, 2014).   

Data Representation (30% of questions) present students with graphics and tables similar 

to that found in science journals and texts to measure student skills in reading graphs, 

interpreting scatterplots, and interpreting information presented in tables, diagrams, and 

figures (ACT, 2014).  Research Summaries (50% of questions) provides students with 

descriptions of one or more related experiments to assess student skills in design of 

experiments and the interpretation of experimental results (ACT, 2014).  Conflicting 

Viewpoints (20% of questions) presents students several hypotheses or views based on 

differing premises or on incomplete data which are inconsistent with one another in order 

to assess student understanding, analysis, and comparison of alternative viewpoints or 

hypotheses (ACT, 2014). 
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APPENDIX B 

LINEAR REGRESSION MODEL 

Model Summary
h
 

Model R R Square 

Adjusted R 

Square 

Std. Error 

of the 

Estimate 

Change Statistics 

R Square 

Change F Change 

Sig. F 

Change 

1 .391
a
 .153 .152 5.360 .153 230.403 .000 

2 .451
b
 .203 .202 5.198 .051 487.109 .000 

3 .473
c
 .224 .223 5.130 .021 206.960 .000 

4 .747
d
 .558 .558 3.870 .334 5811.246 .000 

5 .749
e
 .561 .561 3.858 .003 51.783 .000 

6 .755
f
 .570 .569 3.823 .008 18.411 .000 

7 .755
g
 .570 .569 3.822 .000 5.824 .016 

a. Predictors: (Constant), MU, AI, PI, BL, AS, Latino 

b. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg 

c. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg, LEPFg 

d. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg, LEPFg, Science 

Score 

e. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg, LEPFg, Science 

Score, Treat 

f. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg, LEPFg, Science 

Score, Treat, PI_SS8, BL_SS8, Latino_SS8, AI_SS8, MU_SS8, ELL_SS8, AS_SS8, 

ECD_SS8 

g. Predictors: (Constant), MU, AI, PI, BL, AS, Latino, EconDsvntgFg, LEPFg, Science 

Score, Treat, PI_SS8, BL_SS8, Latino_SS8, AI_SS8, MU_SS8, ELL_SS8, AS_SS8, 

ECD_SS8, ECD_Treat 

h. Dependent Variable: ACT Science Score  
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Model 

Unstandardized 
Coefficients 

Standa
rdized 
Coeffic
ients 

Sig. 

95.0% Confidence 
Interval for B 

B Std. Error Beta 
Lower 
Bound 

Upper 
Bound 

7 (Constant) 2.365 0.363   .000 1.653 3.077 

Native Am. (AI) -0.816 3.347 -.010 .807 -7.377 5.745 

Black (BL) 1.986 1.754 .046 .258 -1.452 5.424 

Latino 0.137 0.733 .009 .851 -1.300 1.574 

Pacific Isl. (PI) -3.926 2.829 -.053 .165 -9.472 1.620 

Asian (AS) -1.776 0.723 -.107 .014 -3.194 -0.358 

Multirace (MU) -1.424 0.942 -.064 .131 -3.272 0.423 

Econ Disadv. (ECD) 0.473 0.617 .038 .444 -0.738 1.683 

Engl. Lang. Learn. 9.303 1.354 .298 .000 6.649 11.958 

8
th
 Science Score (SS8) 1.085 0.019 .656 .000 1.048 1.122 

Treat 0.742 0.106 .064 .000 0.534 0.949 

AI_SS8 0.008 0.192 .002 .966 -0.368 0.385 

AS_SS8 0.140 0.037 .170 .000 0.069 0.212 

BL_SS8 -0.227 0.107 -.085 .035 -0.437 -0.016 

Latino_SS8 -0.084 0.042 -.094 .048 -0.167 -0.001 

PI_SS8 0.193 0.172 .043 .261 -0.143 0.529 

MU_SS8 0.097 0.050 .081 .053 -0.001 0.195 

ECD_SS8 -0.084 0.034 -.113 .014 -0.151 -0.017 

ELL_SS8 -0.804 0.096 -.357 .000 -0.992 -0.616 

ECD_Treat -0.455 0.188 -.029 .016 -0.824 -0.085 
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APPENDIX C 

LOGISTIC REGRESSION MODELS 

Science College Readiness 

  B S.E. Wald Sig. Exp(B) 

95% C.I.for 
EXP(B) 

Lower Upper 

 Native American -0.655 0.422 2.405 0.121 0.520 0.227 1.189 

Black -0.985 0.265 13.791 0.000 0.373 0.222 0.628 

Hispanic/Latino -0.723 0.095 58.284 0.000 0.485 0.403 0.584 

Pacific Islander -0.303 0.398 0.577 0.447 0.739 0.339 1.613 

Asian (AS) 0.117 0.150 0.613 0.434 1.124 0.839 1.507 

Multiracial 0.090 0.107 0.707 0.400 1.094 0.887 1.350 

Econ Disadv. -0.717 0.073 97.346 0.000 0.488 0.423 0.563 

Engl. Lang. Learn. -1.719 0.410 17.562 0.000 0.179 0.080 0.400 

College Ready 2.354 0.064 1341.748 0.000 10.526 9.280 11.939 

Treat 0.247 0.058 18.046 0.000 1.280 1.142 1.434 

AS*College Ready 0.529 0.182 8.506 0.004 1.698 1.190 2.424 

Constant -1.331 0.064 427.990 0.000 0.264   

Note: R Square = .340 (Cox & Snell), .454 (Nagelkerke); Model chi square = 3194.796, p <.001.   

 

STEM Interest 

  B S.E. Wald Sig. Exp(B) 

95% C.I.for 
EXP(B) 

Lower Upper 

 Native American -0.254 0.443 0.328 0.567 0.776 0.325 1.850 

Black -0.354 0.221 2.570 0.109 0.702 0.456 1.082 

Hispanic/Latino 0.095 0.116 0.671 0.413 1.100 0.876 1.381 

Pacific Islander 1.238 0.520 5.664 0.017 3.449 1.244 9.562 

Asian 0.481 0.081 35.178 0.000 1.618 1.380 1.898 

Multiracial 0.201 0.110 3.330 0.068 1.222 0.985 1.516 

Econ Disadv. -0.057 0.071 0.648 0.421 0.944 0.821 1.086 

Engl. Lang. Learn -0.046 0.176 0.068 0.794 0.955 0.677 1.348 

STEMInt8 1.367 0.063 476.093 0.000 3.922 3.469 4.434 

Treat 0.317 0.056 32.222 0.000 1.374 1.231 1.533 

Latino* STEMInt8 -0.500 0.142 12.359 0.000 0.606 0.459 0.801 

PI* STEMInt8 -1.495 0.752 3.949 0.047 0.224 0.051 0.980 

Constant -0.942 0.059 254.106 0.000 0.390     

Note: R Square = .111 (Cox & Snell), .148 (Nagelkerke); Model chi square = 689.975, p <.001.   


