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Abstract: For more than half a century concerns about the ability of American students to compete
in a global workplace focused policymakers’ attention on improving school performance generally, and
student achievement in science, technology, engineering, and mathematics (STEM) specifically. In its most
recent form—No Child Left Behind—there is evidence this focus led to a repurposing of instructional
time to dedicate more attention to tested subjects. While this meant a narrowing of the curriculum to focus
on English and mathematics at the elementary level, the effects on high school curricula have been less
clear and generally absent from the research literature. In this study, we sought to explore the relationship
between school improvement efforts and student achievement in science and thus explore the intersection
of school reform and STEM policies. We used school-level data on state standardized test scores in
English and math to identify schools as either improving or declining over three consecutive years. We
then compared the science achievement of students from these schools as measured by the ACT Science
exams. Our findings from three consecutive cohorts, including thousands of high school students who
attended 12th grade in 2008, 2009, and 2010 indicate that students attending improving schools identified
by state administered standardized tests generally performed no better on a widely administered college
entrance exam with tests in science, math and English. In 2010, students from schools identified as im-
proving in English scored nearly one-half of a point lower than their peers from declining schools on both
the ACT Science and Math exams. We discuss various interpretations and implications of these results and
suggest areas for future research. © 2012 Wiley Periodicals, Inc. J Res Sci Teach 49: 804-830, 2012
Keywords: accountability; science education; mathematics; achievement

For decades Americans have expected their public schools to accomplish a multitude of
objectives, benefitting both the individual and collective good. As Labaree (2010) observed, “We
want schools to provide us with good citizens and productive workers; to give us opportunity
and reduce inequality; to improve our health, reduce crime and protect the environment” (p. 1).
The prioritization of this throng of school objectives varies by person, place, and time (Payne,
2008; Ravitch, 2000; Tyack & Cuban, 1995). However, public concerns resulting from high-
profile events and inauspicious publications about American student performance, specifically in
the areas of science, technology, engineering, and mathematics (STEM), have galvanized school
improvement and STEM initiatives as priorities on the agendas of educational reformers.
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At least since scientists in the former Soviet Union launched Sputnik in 1957, education-
al, corporate, and political leaders have voiced concerns about the number of American stu-
dents adequately prepared to enter STEM careers (Daniels, 2006; Obama, 2009, 2011;
President’s Council of Advisors on Science and Technology (PCAST), 2010, 2012). More
recently, on assessments of scientific and mathematics literacy American students scored be-
low many of their international peers (Organization for Economic Cooperation and
Development (OECD), 2007, 2010; Provasnik, Gonzales, & Miller, 2009). In addition, inter-
national students have comprised an increasing number of post-secondary graduates in STEM
fields (National Science Foundation, 2011). Policy experts warned that continued decline in
the preparation of American students for careers in STEM fields would weaken the US econ-
omy and harm the competitiveness of American corporations in the increasingly global mar-
ketplace (National Academy of Sciences (NAS), 2005; PCAST, 2010, 2012).

Similarly, after the Brown v. the Board of Education of Topeka ruling by the Supreme
Court in 1954 and the publication of the Coleman Report in 1966, educators, policymakers,
and researchers searched for methods to improve the educational opportunities for all students
through effective and improved schools (Purkey & Smith, 1983; Sammons, 2007; Teddlie &
Reynolds, 2000; Wimpelberg, Teddlie, & Stringfield, 1989). To stem the rising tide of medi-
ocrity noted in A Nation at Risk (1983) and reduce the savage inequalities observed by Kozol
(1991), federal legislators required public reporting of school performance in the areas of
literacy and numeracy under the No Child Left Behind Act of 2002 (NCLB). More recently,
US Secretary of Education Arne Duncan challenged educators, policymakers, and researchers
to turn around the lowest achieving schools in the country (Duncan, 2009), and supported his
challenge with federal grant initiatives, such as Race to the Top and School Improvement
Grants (Maxwell, 2009).

The purpose of this analysis was to explore the association between educational policies
intended to improve school performance and those seeking to bolster student achievement in
science. Specifically, we used hierarchical linear modeling (HLM) to determine if students
who attended schools identified as improving fared better on a science section of a common
college admissions exam than their peers from declining schools. Advocates of accountability
reforms assume that higher performing schools better prepare students to successfully enter
post-secondary institutions and compete in the global workplace. However, some authors
have suggested that the limited metrics utilized by school accountability agencies inherently
narrow the curriculum of schools (Ravitch, 2010; Rothstein, 2009; Rothstein, Jacobsen, &
Wilder, 2009), and a limited body of research has supported such hypotheses (Brown & Clift,
2010; Spillane, Diamond, Walker, Halverson, & Jita, 2001). To achieve our purpose, we
addressed two research questions:

(1) How is school improvement in English achievement associated with student
achievement on the science section of a college admissions exam?

(2) How is school improvement in mathematics achievement associated with student
achievement on the science section of a college admissions exam?

In the text that follows we present background information on extant research related
to these questions and the analysis we completed. First we discuss policy objectives and
research related to improvement of STEM throughout the US. We follow this with a more
general discussion of policy and research in the area of school improvement. The review ends
with a discussion of the role assessment plays in evaluating the research and the effectiveness
of existing and recommended policy measures.
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STEM Improvement

In much of the educational research literature authors synonymously use the terms sci-
ence and STEM. Sometimes STEM will be used to discuss work involving both science and
math, but rarely do papers explicitly include discussion of all four STEM content areas. In
this paper, we are making a distinction that although science and math are anchoring mem-
bers of the STEM policy efforts, educators, and policymakers treat the subjects quite differ-
ently. Math functions as a required component of school improvement efforts and therefore
has been tested since initial implementation of NCLB. In contrast, state departments of edu-
cation might administer standardized science tests, but not include the results as part of
school accountability systems. Finally, the new Framework for K-12 Science Education stated
the clear linkage in the STE components of STEM; however the science we write of in this
paper does not incorporate the technology or the engineering components (National Research
Council (NRC), 2011).

Keeping the US at the forefront of research and innovation is a common talking point at
the highest levels of government (Obama, 2011). A Blueprint for Reform: The
Reauthorization of the Elementary and Secondary Education Act released by the United
States Department of Education (USDOE) stated, “America needs to increase the number of
students pursuing STEM fields in their academic studies and careers, and improve preparation
for the next generation of engineers, scientists, mathematicians, and technicians” (USDOE,
2010a, p. 1). Preceding many of the recent calls-to-action was the NRC report Rising Above
the Gathering Storm (NAS, 2005), which discussed the condition of STEM fields in the US
and stressed the importance of STEM education for maintaining our technical workforce.
Based on such reports policy initiatives have extolled the need to increase the rigor of math
and science preparation in US schools in order to bolster the STEM workforce (Bill, H. R.
5116, 2010; Singer, Hilton, & Schweingruber, 2006). Unfortunately, the federal, state, district,
and school level interventions required to increase the number of students pursuing degrees in
STEM remain unclear.

In 2009, Educate to Innovate (Obama, 2009) was initiated by the White House to address
poor results on both national (NAEP) and international (PISA, TIMSS) assessments in math
and science. This initiative espoused the tripartite goals of increasing STEM literacy for all
students, moving the US from the middle to the front of the pack on international assess-
ments, and expanding the educational and career goals for traditionally underrepresented
groups in STEM fields. To accomplish these objectives supporters stressed the need to form
public—private partnerships, increase the use of technology and hands-on instruction in class-
rooms, and increase the visibility of STEM initiatives and efforts to increase student knowl-
edge and interest (Obama, 2009, 2010).

In addition to President Obama’s stated goal of moving our students to the elite cadre of
nations leading the world in science and math achievement, the USDOE Blueprint espoused a
clear goal to make students in America college- and career-ready. As part of the assessment
plan, the Blueprint suggested:

States and districts will collect and make public data relating to student academic
achievement and growth in English language arts and mathematics, student academic
achievement in science, and, if states choose, student academic achievement and growth
in other subjects, such as history (USDOE, 2010b, p. 8).

Although such a statement enabled the possibility of including student achievement in
science as an integral part of the assessment scheme, no official mandate has yet required the
inclusion of science.
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Despite these calls for improvement across STEM, Spillane et al. (2001) indicated that
school administrators often devalued science in light of reforms to improve instruction and
student achievement in literacy and math. Spillane et al. found that this effect was particularly
strong in elementary schools, and especially in urban districts where educators focus instruc-
tion on the basics required to pass standardized reading and math tests. Recent data collected
by the National Science Teachers Association (NSTA) from elementary and middle school
teachers supported these results. The NSTA (2011) data indicated that 45% of respondents
reported a decrease in instructional time for science in the 2010-2011 school year. For those
citing this decrease, most attributed the decline to a repurposing of the time to literacy and
math instruction.

Similar findings from a report by the Center on Education Policy (McMurrer, 2008)
indicated that since the implementation of NCLB an average decline in weekly science in-
structional time of 33% occurred in elementary schools that reported increases in time spent
teaching English and math. Analysis of nationally representative data gathered by the
National Center for Education Statistics in the Schools and Staffing Survey (Jacob & Dee,
2010) and an independent study by RAND (Hamilton et al., 2007), supported the notion that
elementary and middle school teachers and administrators made shifts in instructional time to
bolster instruction in English Language Arts and math as a consequence of NCLB. These
findings seem in direct opposition to the recent recommendations by the NRC (2011) for the
inclusion of “‘adequate instructional time and resources” when teaching science in elementary
grades (p. 27).

Although we searched for literature that evaluated changes in instructional time in high
school as the result of NCLB, we did not find any studies that specifically presented data to
support or refute such changes. It may be that curriculum narrowing is less common in high
school settings because core classes are treated as distinct units of credit that are generally
fixed within a student’s schedule. Yet we believe that it is well within reason that high school
administrators and faculty will do whatever they can to shift instructional resources to areas
of critical need when facing the threat of sanctions. This notion is supported by a summary of
research on the impacts of an accountability system in Texas predating NCLB. McNeil and
Valenzuela (2001) found high school administrators required teachers to squeeze test prepara-
tion and extra literacy or math instruction into non-tested classes, such as science and social
studies, a practice that was most common in the lowest performing schools.

However, the recent PCAST (2010) report stated that the focus should not just be on
remediation of the lowest-performing students, ‘“Even as the United States focuses on low-
performing students, we must devote considerable attention and resources to all of our most
high-achieving students from across all groups” (p. viii). This sentiment is echoed by the
NRC (2011) report as a way to better prepare all citizens for life in the 2Ist century.
When school administrators and teachers feel pressured from policies to focus efforts on
literacy and math performance for all students, while simultaneously asked to improve student
performance in science, such policies and reforms may operate at cross purposes.

School Effectiveness and School Improvement

In response to research findings that questioned the capability of schools to overcome
inherent disparities imposed by student background characteristics (Coleman et al., 1966;
Jencks, 1972), educators, researchers, and policymakers designed, implemented, and tested a
multitude of reforms intended to improve school performance (Borman, Hewes, Overman, &
Brown, 2003; Edmonds, 1977; Heck & Mayor, 1993; Klitgaard & Hall, 1975; Teddlie &
Reynolds, 2000; Tyack & Cuban, 1995). Schools demonstrating effectiveness in teaching all
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students, including those from disadvantaged backgrounds, as well as schools achieving dra-
matic improvement exist (Austin, 1979; Bryk, Sebring, Allensworth, Luppescu, & Easton,
2010; Duke & Jacobson, 2011; Johnson & Asera, 1999; Teddlie & Stringfield, 1993).
Unfortunately, researchers have been unable to discern a universal set of methods or charac-
teristics that reliably produces, replicates, or sustains such school achievement (Payne, 2008;
Ravitch, 2000). Reviews of research such as Sammons (2007) and Teddlie and Reynolds
(2000) highlight common discoveries and lessons derived from effective and improved
schools, but findings like Stuit (2010) and Balfanz, Bridgeland, Moore, and Fox (2010)
demonstrated the need for enhanced school improvement techniques.

From the continued existence of persistently low-achieving schools, as well as critiques
of prior research and initiatives (Purkey & Smith, 1983; Rowan, Bossert, & Dwyer, 1983;
Wimpelberg, Teddlie, & Stringfield, 1989) developed a multitude of reforms attempting to
improve school performance (Datnow, Borman, Stringfield, Overman, & Castellano, 2003).
Among these reforms, which primarily defined school performance using math and literacy
metrics, school accountability, and school turnaround became federal strategies to improve
persistently low-achieving schools. Accountability efforts in both the US and the United
Kingdom publicly reported school performance results based upon student achievement and
implemented sanctions for schools identified with substandard performance (Matthews &
Sammons, 2004, 2005; Stringfield & Yakimowski-Srebnick, 2005). Advocates of accountabil-
ity policies assumed that public reporting and impending sanctions would spur improvement
in under- and low-achieving schools, as well as close the achievement gaps that exist between
different racial and socioeconomic groups of students (Forte, 2010; Kane & Staiger, 2002). In
the US, schools received state sanctions and interventions when they failed to demonstrate
AYP which was based upon student achievement on standardized tests of reading and math
(Commission on NCLB, 2007; Hemelt, 2010).

A second school improvement derivation, school turnaround, evolved from strategies and
operations that business leaders utilized to turnaround bankrupt or declining organizations
(Duke et al., 2005; Murphy & Meyers, 2008). Adapting techniques from for-profit organiza-
tions, some educational leaders achieved dramatic improvement in a condensed period of
time (Duke, 2007; Duke & Jacobson, 2011; Duke & Salmonowicz, 2010; Picucci, Brownson,
Kahlert, & Sobel, 2002). Attempting to discern effective characteristics and operations of
turnarounds, Herman et al. (2008) conducted a review of school turnaround research that
restricted findings to examples of turnaround exhibiting a 10% increase in reading or math
improvement within a 3-year period of time. Similar to prior work assessing the effectiveness
or improvement of schools, the researchers operationally defined school performance using
student achievement in only literacy or math.

Throughout the history of school reform, educators, policymakers, and researchers have
relied most heavily upon literacy and numeracy metrics to identify and evaluate school per-
formance (Brookover & Lezotte, 1979; Bryk et al., 2010; Duke, 2007; Edmonds, 1979; Gray,
Goldstein, & Thomas, 2001; Hemelt, 2010; Opdenakker & Van Damme, 2006; Palardy, 2008;
Purkey & Smith, 1983; Teddlie & Stringfield, 1993; Wimpelberg et al., 1989). Results from
the testing of these two outcome measures often compelled educational leaders to tinker with
operations and policies (Tyack & Cuban, 1995). Proponents of such data-driven decision-
making assumed that improved literacy and math scores would produce a trickledown effect,
increasing other desirable outcome measures, such as graduation rates, college and career
readiness, and also science preparation. However, because of policies that prescribe severe
sanctions for schools with poor performance in literacy and math (Dillon, 2011; Maxwell,
2009), educators might focus their resources on these subject areas at the expense of content
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in non-tested subject areas, including science (Brown & Clift, 2010; McNeil & Valenzuela,
2001; NSTA, 2011; Spillane et al., 2001).

The Critical Role of Assessment

NCLB and other federal reform initiatives have created an unprecedented level of focus
on student and school assessment. In 2001, NCLB directly tied student performance on stan-
dardized exams to a school’s eligibility for federal funding. More recently, some state educa-
tional leaders have considered the use of student performance on state administered
assessment to evaluate and compensate teachers (Cavanaugh, 2011). Some policymakers have
even suggested using such assessments to determine the effectiveness of teacher preparation
programs (USDOE, 2011).

With such important outcomes in the balance, one might expect that the “high stakes”
standardized assessments at the core of these educational issues would be stringently evaluat-
ed. Although state administered assessments might satisfy psychometric scrutiny for content
validity and internal reliability, a lack of information exists about the external validity of
student and school level results with other desirable outcomes, such as graduation rates, disci-
pline referrals, or college and career readiness. For instance, consider the implementation of
state administered assessments in the state of Indiana, which is the focus of our analysis.
Students across primary and secondary education take the Indiana Statewide Testing for
Educational Progress (ISTEP) to not only measure individual academic progress, but also to
evaluate Indiana teachers, schools and districts. Ruiz-Primo, Shavelson, Hamilton, and Klein
(2002) would consider the ISTEP a “distal” assessment because it is a state-level test aligned
with the published academic standards in various content areas.

Within the 2010-2011 ISTEP program manual the Indiana Department of Education
(IDOE) presented statistical evidence from the 2009 ISTEP administration to support the
notion that the assessments provide data that can lead to both valid and reliable conclusions
about students’ achievement levels from various racial/ethnic subgroups and across multiple
content domains (IDOE, 2010). The presented data support claims of reliability including:
item level reliability (point biserial correlation, differential item functioning), test level reli-
ability (Cronbach’s alpha, standard error of measurement), classification consistency and clas-
sification accuracy. The manual also discussed attempts to establish validity for the
assessments including evidence from an exploratory/confirmatory factor analysis that pro-
duced a single factor for each of the content assessments. These statistical results generally
support the notions of validity and reliability of the data produced by the ISTEP exams;
however it is not clear if the data presented in the manual' included the End of Course
Assessments (ECAs) taken by high school students in English, math (Algebra), and science
(Biology). Additionally, little information describes how student performance on the ISTEP
exams may generalize to other recognized indicators of knowledge, beyond the Indiana
Academic Standards.

Although many of the principles undergirding school accountability seem reasonable, the
poor execution of accountability measures and sanctions has raised concerns about the current
system (Kahle, 2004; Stringfield & Yakimowski-Srebnick, 2005; Wood, Lawrenz, Huffman,
& Schultz, 2006). From a technical standpoint, Penfield and Lee (2010) discussed how these
high stakes measures, which are meant to ensure that no child is left behind, are biased
against many students who take these state administered tests. The authors raised concerns
that the linguistic complexity and context of items negatively impact non-majority students
and lead the users of test results to make invalid conclusions based on scores from minority
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students. Kane and Staiger (2002) questioned the sanctions resulting from such testing results
and concluded, “The problem resides not with the measures themselves, but with the way
that these measures are often used,” (p. 100).

Although NCLB did not mandate the inclusion of science assessments in the determina-
tion of AYP, states can include science assessments to provide extra evaluative data or as one
of an additional set of academic indicators. While it is not clear how many states currently
include science assessments in their AYP calculations, there are indications that most or all
states now include some form of science assessments as part of their testing regimen
(Penfield & Lee, 2010). Similar to their counterparts across the US, the annually administered
ISTEP tests are a fixture in the academic experiences of Indiana students and teachers (Geier
et al., 2008). These assessments operate in multiple capacities to provide both an indicator of
necessary reform within schools and districts, as well as a measure of change within these
organizations over time.

Methods
Research Design

Proponents of school accountability reforms assume public reporting of school perfor-
mance in the subjects of English and math will provide sufficient incentives for educators in
low-achieving schools to initiate and sustain necessary improvements to raise levels of student
achievement. However, Campbell’s Law asserts, “The more any quantitative social indicator
is used for social decision-making, the more subject it will be to corruption pressures and the
more apt it will be to distort and corrupt the social processes it is intended to monitor”
(Campbell, 1976, p. 49). Invoking Campbell’s Law Rothstein (2009) questioned the utility of
school accountability measures, “Attempts to hold schools accountable for math and reading
test scores have corrupted education by reducing the attention paid to other important curricu-
lar goals™ (p. 23). To explore such assumptions and assertions, we used longitudinal student
and school level data to examine the science achievement of students, as measured by a
college admissions test, from schools with improving and declining performance, as measured
by performance on standardized English and math assessments.

Data Source

The dataset for this analysis came from two separate data streams within IDOE. At the
student level we compiled data records for sets of students who were 12th grade students in
Indiana high schools in 2008, 2009, or 2010. The student data included school attended and
demographic variables for age, gender, and race. These data included students’ test scores on
standardized assessments including ISTEP (10th grade scores), SAT and ACT exams. The
data files also had information pertaining to socioeconomic status, required education ser-
vices, language proficiency, and the number of AP exams. Although we present some tables
comparing groups that include these data, their inclusion in student records seemed neither
consistent (i.e., similar variables from different sources lacked agreement) nor complete for
all students. Therefore, rather than impute missing values, we excluded these variables from
the models. At the school level, we created longitudinal data files for public high schools in
the state. These data included annual values related to enrollment, attendance rate and size of
graduating class, demographic information (% minority, % Free, and Reduced Meals) as well
as mean achievement (ISTEP, SAT, ACT, and % taking ACT). We then linked the student and
schools files using the high school that students attended.
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Analytical Approach and Rationale

To examine the association between school improvement and student science achieve-
ment, we used both school- and student-level results in an HLM analysis. Application of
HLM enabled us to better model the inherently nested structure of student achievement within
school performance (Raudenbush & Bryk, 2002). We used longitudinal state test results in
English/language arts (“English”) and mathematics (‘“‘Math”) to identify parallel samples of
schools that were improving or declining for each subject area. We made these classifications
for three separate cohorts of students who were in residence at the schools during the period
of interest. We then applied HLM analysis to school- and student-level measures to assess the
relationship between school improvement and individual science test scores on the ACT exam
completed during their 12th grade year.

Our analysis focused on students from high schools in Indiana who took the ACT for
four reasons. First, we limited the study to the state of Indiana because of unique data access
that enabled us to connect students’ performances on state administered and college place-
ment assessments with the performance of the school each attended. Second, we analyzed
ACT scores because these entrance exams include a science section, are independent of the
state administered exams, and essentially available to all students unlike Advanced Placement
testing. Third, analysis of the high school level fulfilled a current gap in the school effective-
ness and STEM literature because extant school level studies most often utilized elementary
schools (Brown & Clift, 2010; McNeil & Valenzuela, 2001; NSTA, 2011; Spillane et al.,
2001). Fourth, unlike elementary schools, high school schedules allot specific times and
Carnegie units to subject areas. This type of dedicated scheduling reduced the likelihood that
differences between schools resulted from limited science instructional time as found by
Spillane et al. (2001).

Population and Sample of Schools

All public high schools and their students monitored by the IDOE between 2005 and
2010 comprised the population of subjects considered for inclusion in the analysis. To define
the sample of schools, we pared down the population of high schools based on the availability
of data elements for each of the separate cohorts. Exclusion of schools with missing annual
data eliminated the inclusion of newly opened or closed schools in the analysis. Although
recently opened schools might demonstrate improvement and decline, the initiation of oper-
ations likely poses a unique set of circumstances unlike those found in more established
schools. Similarly, school closure might represent the final phase of a decline cycle, but
many school closings result from chronic low-performance or consolidation, rather than a
brief period of decline.

To operationally define improving and declining schools, we used yearly school perfor-
mance on Indiana’s ISTEP English and Math tests, which measured English skills and algebra
content, respectively. The IDOE administered the ISTEP English and Math tests annually to
10th grade students through fall 2009. Using schools with valid ISTEP results, we created a
measure of continual school performance change over each of three consecutive years using
mean school ISTEP test scores. For example, for the 2010 cohort of 12th grade students we
evaluated school test scores from 2007, 2008, and 2009 such that if scores from ISTEP
2009 > ISTEP 2008 > ISTEP 2007, that school was labeled as ‘“improving” across that
time period. Conversely, schools with test scores matching the inverse pattern, ISTEP
2009 < ISTEP 2008 < ISTEP 2007, were labeled as ‘““declining.”

Journal of Research in Science Teaching



812 MALTESE AND HOCHBEIN

Although our operational definitions’ reliance on just three time points and no specified
magnitude might appear simplistic, both prior research and pragmatic considerations informed
our decisions. The 3-year time period aligns with other examinations of school improvement
and decline (Gray et al., 2001; Hochbein, 2012a,b), including the guidelines from the
Institute of Education Science for school turnaround (Herman et al., 2008). As Thomas,
Peng, and Gray (2007) observed, “For the majority of schools 3 years of upward movement
seems to have been the typical limit” (p. 280). Furthermore, to curb the potential influence of
ceiling and floor effects, we did not specify a minimum magnitude of change in our opera-
tional definitions. A magnitude requirement would have excluded high-performing schools
demonstrating improvement, as well as low-performing schools enduring decline from the
examined sample of schools.

Each of the individual students included in the analysis satisfied three basic criteria. First,
they attended a school identified as improving/declining in one of the three cohorts. Second,
students must have completed the ACT exam?® with results included in their 12th grade data
file. Third, all students included in the study had complete data records on key demographic
variables (gender, race, birth year, etc.). In Supporting Information Appendices A and B we
have provided additional data regarding the comparability of schools and students included in
our analyses with those excluded from the analyses.

The combination of the longitudinal nature of the data and the extensive grouping
utilized in the research design provided practical challenges to the concise nomenclature
of subjects included in the analyses. Table 1 provides details about the number of subjects
included in the analyses and labels we created for the specific comparison groups. Cohorts
referred to the temporal grouping of students and schools. We named the three cohorts by the
students’ 12th grade year “2008” (includes school data 2005-2008), “2009” (2006-2009),
and “2010” (2007-2010). Samples referred to the grouping of schools based on their
improvement status (Improve or Decline) for the two subject area ISTEP exams (English or
Math) over a 3-year period of time. Therefore, within each of the three 12th grade cohorts we
examined four sub-samples of schools.

HILM Models

To model the relationships between school and student performance, we used the HLM 7
(Raudenbush, Bryk, & Congdon, 2011) software package so that we could account for the
hierarchical nature of the students nested within schools. Our purpose was to focus precisely
on this relationship, the association between schools with improving or declining performance
over a 3-year period and the science achievement of students who attended the school during

Table 1
Count of students and schools included in each of the cohorts and samples
Cohorts

2008 2009 2010
Samples Students Schools Students Schools Students Schools
English decline 2,181 46 2,207 58 2,902 59
English improve 1,180 41 1,325 38 2,300 55
Math decline 1,644 38 1,371 28 2,263 69
Math improve 1,921 65 3,516 86 1,306 39
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the same period of measurement. To build models with parallel samples for this exploration
we purposefully sought to keep the models simple. At the student level we included back-
ground variables commonly included when modeling achievement including: gender, race/
ethnicity, birth year, and 10th grade ISTEP scores in English and math, where the range of
scores generally falls between 300 and 850 (IDOE, 2010). The gender (Female =1,
Male = 0) and race/ethnicity variables were entered as dummy variables. Birth year and
ISTEP scores were centered around the grand mean for all students from each cohort. We
included these variables in the model based on previous research indicating that they often
have a significant relationship with student achievement, although sometimes with mixed
results (Holme, Richards, Jimerson, & Cohen, 2010; Maerten-Rivera, Myers, Lee, & Penfield,
2010).

At the school level we included the indicator of improvement or decline (Improving
schools = 1, Declining schools = 0), the proportion of minority students within the school
during each graduating cohort’s 10th grade year, and the proportion of students who complet-
ed the ACT exam during each cohort’s 12th grade year. To account for variations in the
demographic composition of schools, we entered the 10th grade minority proportion rather
than Free and Reduced-price meals (FARM). Although FARM constitutes the most common
metric for capturing student SES in educational literature, the high correlation between
FARM and minority proportion (r ~ 0.68) led us to leave this variable out of the model based
on concerns of multicollinearity. In addition, Harwell and LeBeau (2010) questioned FARM
as a valid measure of socioeconomic status, and Pogash (2008) reported that in one large
urban district, only 37% of eligible high school students participated in the FARM program.
We included the proportion of ACT test-takers as a general proxy measure of the proportion
of college-bound students within each school being assessed. Both the proportion minority
variable and the proportion of ACT test-takers were centered around the grand mean for all
schools in the models. An example of our model predicting ACT Science scores of students
from the English sample of the 2010 cohort is shown in Figure 1.

Level-1 Model

12" Grade ACT- SCIENCE = o + Pr*(Female) + fo*(Native Am erican) + Ps*(Black) +
Bs*{Asian) + Ps*{Hispanic) + Be*(Multi-racial) + f*(Birth year) + Fs*{10" Grade ISTEP Lan guage
Score (2008)) +r
Level-2 Model

Po="foo + You*|{Percentage taking ACT (2010}) + ¥o=*(P roportion Mino rity Students —
2008) + Yez*(Improvement Status 2007-2009 {based on ISTEP LanguageScores}) + ug

B1="10

Ba="20

Ba="z0

Ba="a0

Bs="Ys0

Ps="e

Br="0

Bs= Yo

Figure 1. Two-level HLM model predicting ACT Science scores of students from the English sample
of the 2010 cohort.
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We conducted the analyses using parallel models of cohorts of 12th grade students
from 2008, 2009, and 2010 who completed the ACT during that same year. We evaluated
school performance using ISTEP English and Math school-level test results separately.
As outcomes for each of these models, we assessed the association of student- and school-
level factors on ACT scores in science. As a comparison for the ACT Science results, we also
ran models with ACT English and Math results as dependent variables. Model results for
each factor indicated the differences in ACT performance while holding all other factors
constant.

Analysis and Results
Descriptive Analysis

The extensive amount of descriptive data calculated from the three cohorts revealed few
systematic patterns of similarity between the academic and non-academic measures of the
improving and declining schools. For instance, we found no discernible pattern among the
percentage of students taking college entrance exams (Table 2). The percentage of students
taking the ACT or SAT varied inconsistently between improving and declining schools,
between the English and math groups, and longitudinally among the cohorts. In addition,
aggregate school-level ACT performance in English, math, and science demonstrated no con-
sistent patterns between or within the 12 sub-samples of schools.

Despite the lack of trends among the ACT performance data, the operational definitions
of school improvement and decline identified samples of schools with definitive patterns
among other academic and non-academic measures. Comparison of the cohorts revealed that
the declining and improving samples manifested with inverted longitudinal achievement
based on ISTEP performance (Figure 2). For each of the improving-declining paired samples
the initial mean achievement of the improving schools was below the mean achievement of
the declining schools. However, three years later the mean achievement of five of the six
improving school samples exceeded the mean achievement of the declining counterpart.
Interestingly, each of the improving samples also demonstrated a continuous longitudinal
decrease in their corresponding SAT subject area performance (Table 2). The improving sam-
ples exhibited no less than a five-point cumulative decrease on the mean SAT verbal score
and two points on the SAT math score. Declining schools showed no consistent pattern across
the cohorts or subject areas.

Additional trends appeared among the school composition factors. In each cohort, for
example, declining schools tended to enroll more students. All 12 samples demonstrated a
continual increase in both the percentage of FARM and minority students. Both the 2008 and
2009 cohorts exhibited larger percentages of minority students in the English and math de-
clining samples, but that trend reversed for the 2010 cohort. A similar pattern manifested
within the percentage of FARM students, although it was not as substantial.

The improving and declining sample sizes ranged from 1,180 to 3,516 students, demon-
strating similar student characteristics across all samples. Female students represented the
majority of the ACT test-takers, consistently representing approximately 57% of both the
declining and improving samples (Table 3). White students comprised the majority of each
sample, ranging between 67% and 92%, with black students constituting the largest single
minority group. In five of the six paired samples, the declining sample exhibited a greater
proportion of minority students than the improving sample, with 2010 Math providing the
lone exception. All 12 samples demonstrated similar percentages of students with limited
English proficiency, as well as those who required special education services. The percentage
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Figure 2. Longitudinal comparison of ISTEP Math and English performance in improving and declin-
ing cohort samples from 2005 through 2009.

of FARM students showed modest variations between improving and declining schools, but
did not manifest consistent patterns.

HILM Results

Student Level. Individual student results maintained consistency across the three cohorts
for both the English and Math samples (Tables 4 and 5). Controlling for all other student-
and school-level factors, female students generally attained lower scores than their male coun-
terparts on both the ACT Math and Science sections. However, for female students from the
English sample, their ACT Science scores improved by .35 points in comparison to males
across time from 2008 to 2010. Females either demonstrated no statistical difference or out-
performed males on the English section of the ACT. With regard to race, Black, Hispanic,
and Multiracial students scored approximately 1-2 ACT points lower than their white peers.
For the samples defined by school performance on ISTEP English tests, Asian students con-
sistently earned scores 1-2 points higher than their white peers on all three ACT sections.
Results also indicated that younger students in all of the cohorts earned higher scores on all
three sections of the ACT test. Finally, students’ performance on their 10th grade ISTEP
English and Math exams were consistently and positively associated with scores on the ACT
Science, Math, and English tests.

School Level. Unlike the individual factors, our models indicated that school-level
factors exhibited little to no association with individual student ACT performance. Although
individual student racial identification was significantly and consistently associated with ACT
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Table 3
Comparison of individual samples’ demographics by operational definition, cohort, and improvement
status (Student values are counts, other values are percentages)

2008 2009 2010
Decline Improve Decline Improve Decline Improve
ISTEP English cohorts

Students 2,181 1,180 2,207 1,325 2,902 2,300
Sex

Male 44 44 43 43 43 43

Female 56 56 57 57 57 57
Ethnicity

Nat. Am. <1 <1 <1 <1 <1 <1

Black 11 9 15 5 17 12

Asian 3 2 1 2 3 2

Hispanic 4 3 3 2 3 3

White 80 85 78 89 75 80

Multiracial 2 1 2 2 2 3
FARM

Free 6 4 8 5 7 9

Reduced 4 5 6 2 5 6
Language proficiency

Non-LEP 99 99 97 97 97 97

LEP 1 1 3 3 3 3
Education services

GenEd 97 97 96 97 96 96

SPED 3 3 4 3 4 4

ISTEP Math cohorts

Students 1,644 1,921 1,371 3,516 2,263 1,306
Sex

Male 42 43 43 42 44 44

Female 58 57 57 58 56 56
Ethnicity

Nat. Am. <1 <1 <1 <1 <1 <1

Black 18 3 27 8 5 13

Asian 3 1 2 2 2 2

Hispanic 3 2 2 2 2 5

White 74 92 67 85 88 78

Multiracial 2 1 3 2 3 2
FARM

Free 10 4 9 6 5 12

Reduced 5 4 6 5 4 5
Language proficiency

Non-LEP 99 99 98 97 97 96

LEP 1 1 2 3 3 4
Education services

GenEd 96 97 95 97 96 97

SPED 4 3 5 3 5 3

performance across the cohorts, the proportion of minority students within the schools did not
reveal a similar relationship. Not only did the coefficient demonstrate substantial fluctuation
between cohorts and ACT sections, the factor was most often not statistically significant.
Likewise, in all but a few instances the percentage of students within each school taking the
ACT was not statistically significant and manifested with similarly small coefficients across
cohorts and samples.
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The improvement status of the school, in either English or math, did not generally dem-
onstrate significant association with individual student ACT scores. On the ACT Science
exam, schools identified as improving based on ISTEP English performance demonstrated a
downward trend with increasingly negative coefficients. In 2010, students from these improv-
ing schools averaged 0.4 ACT points [p = 0.02; 95% confidence interval (CI) = —0.08,
—0.74], lower than their peers from schools with declining ISTEP English performance.
Student ACT Math scores, revealed a similar pattern across the cohorts, with the 2010 cohort
exhibiting that students from declining schools outperformed those in improving schools on
average by 0.5 points (p = 0.03; 95% CI = —0.07, —0.93). Among the three cohorts identi-
fied by ISTEP English performance, none of the cohorts demonstrated a statistically signifi-
cant difference in student ACT English scores between improving and declining schools.

Shifting attention to the samples of schools identified by their performance on ISTEP
Math assessments, we see no statistical difference between students in improving schools and
declining schools on any of the three ACT sections. While not achieving statistical signifi-
cance, negative ACT Science coefficients manifested. The negative coefficients suggested
students from schools with three consecutive years of improving ISTEP Math scores consis-
tently scored below those from declining schools. Interestingly, ACT Math results, which
were also statistically non-significant, revealed an increasingly negative trend from the 2008
to the 2010 cohort.

To summarize these results, students who attended schools with three years of consecu-
tive performance gains on ISTEP English and ISTEP Math exams scored lower on ACT
Science exams than their peers who attended schools with three years of consecutive ISTEP
decreases. In addition, results indicated that the score gap increased over the three cohorts.
This trend was repeated on the ACT Math exams, with students from improving schools
performing higher than their peers in 2008, but progressively declining so that a similarly
identified cohort in 2010 performed lower than students from declining schools. However, in
both cases, the only statistically significant difference in ACT performance between students
from improving and declining schools was based on ISTEP English performance for the 2010
cohort. There was no consistent pattern of performance on the ACT English exam for any
students based on improvement status across the cohorts.

Synthesis and Discussion

Application of the operational definitions of school improvement and decline based on
ISTEP performance identified approximately 25-30% of the population of public high schools
per cohort. Despite the differences in school performance trajectories across the cohorts and
between improving and declining samples, few differences manifested among the school- and
student-level demographic factors. However, the definitions did not identify samples overrepre-
sented by particularly affluent or disadvantaged students, nor select schools marked by particu-
larly high or low achievement. School-level composition measures suggested the analysis
examined similar samples that lacked any extraordinary characteristics. Nonetheless, the re-
striction of our individual samples to students who completed the ACT exam within improving
and declining schools limits the generalizability of our findings. Given that participation in the
ACT exams is not required of all students in Indiana, insights from this analysis are likely
limited to only students preparing for college; however, within this sample it is a logical
conclusion that a proportion of these students will pursue degrees in STEM fields.

Results of the HLM analyses indicated that school-level performance trajectories mea-
sured by state administered standardized tests in English and math demonstrated little associ-
ation with individual student performance on a widely used college entrance examination
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(see bolded Improvement Status coefficients in Tables 4 & 5). Students from schools identi-
fied as improving on ISTEP English exam performance showed progressive declines in their
ACT Science and Math exam scores from 2008 to 2010, with overall drops of —.42 and —.71
ACT points, respectively. A slight demographic shift occurred (increased % minority, in-
creased % FARM) for improving schools within the English sample across the cohorts that
could have accounted for the perforamance decline. However, a more significant change in
the demographics of the Math sample occurred during the same period and a parallel evalua-
tion of improvement status based on ISTEP Math performance yielded no statistically signifi-
cant differences between improving and declining schools on any of the ACT tests. Given
that ISTEP assessments are used as accountability measures and the ACT exams are not, it
appears possible that the hard-earned gains by educators to satisfy accountability mandates
are not strongly related to the performance of students who seek to attend college and poten-
tially enter the STEM career pipeline. Additionally, if one assumes that the ACT can provide
a form of external validity check of the ISTEP exams, and that consistent improvement in
English or math on the ISTEP should be matched with improvement on the ACT exams, the
results indicated that there is little connection. At the student-level, the HLM models provided
evidence that significant score gaps on standardized math and science assessments still remain
between males and females and across the racial and ethnic groups traditionally underrepre-
sented in STEM.

Although we caution against over-interpretation of these findings, we next offer a spec-
trum of potential explanations and implications. A positive interpretation of these results
champions the similarity of student ACT performance regardless of the overall improvement
trajectory of the school. Because the samples of schools do not necessarily represent chroni-
cally high- or low-performing schools, the generally indistinguishable achievement implies a
certain amount of resiliency among the students aspiring to attend college. Within a moderate
range of school competency and effectiveness, college-bound students appear to be insulated
from large school-level effects (both positive and negative) on their performance in science,
math, and English college admissions exams.

A related explanation would assert that improving schools dedicated efforts to increasing
the quality of education for students “on the bubble” (i.e., the middle of the pack) or those
who score lowest on standardized assessments. This type of improvement initiative might
increase the standardized state test scores of students who once lagged behind, but not neces-
sarily impact high-performing students. While this strategy is not universally beneficial, it
would likely produce overall improvement in school testing results.

A more pessimistic interpretation suggests that reforms and policies focused educators’
attention and finite school resources on basic literacy and numeracy skills of the lowest-
performing students, neglecting the continued development of higher-performing students.
The pressures and incentives to demonstrate that all children receive an acceptable level of
education may divert attention and efforts from students with demonstrated talent, capabili-
ties, or competencies. In addition, as the authors of a 2011 NRC report suggested, because
literacy and numeracy metrics provide the basis for district, school, teacher, and student
performance, students possibly receive lower quality and/or less instructional time in the
“non-tested” subjects like science and history. While our initial hypothesis was that this
would not be the case in high schools, the results indicated that such curricular narrowing
may have existed in the secondary schools within our samples. Although school-level strate-
gies produced gains that might help satisfy expectations of school reform efforts like NCLB,
Race to the Top, and School Improvement Grants, the results from our analyses suggested
that strategies leading to improved test scores were not positively associated with gains in

Journal of Research in Science Teaching



824 MALTESE AND HOCHBEIN

performance for aspiring college students, including the sub-group of these students who will
pursue STEM majors and careers.

One limitation of this study is that our analyses cannot connect the particular types of
instruction or reform efforts enacted within schools with the results of those efforts, as pre-
sented elsewhere (Geier et al., 2008; Schroeder, Scott, Tolson, Huang, & Lee, 2007).
Additionally, given that we only use data from a single state, we strongly recommend that
other researchers extend these analyses to other states and assessment contexts.

Returning to the core purpose of this study, we reiterate two critical findings. First, we
did not find a consistent direct relationship between performance on standardized assessment
metrics utilized to evaluate school improvement in literacy and numeracy and student perfor-
mance on college entrance examinations in science and math. Specifically, our models indi-
cated that in most cases students from schools labeled as improving on ISTEP English and
Math exams had lower ACT Science scores than those from declining schools. We suggest
these non-significant or negative relationships are an indication that school improvement and
STEM reforms are possibly working at cross purposes. Second, school improvement, as typi-
cally measured through standardized assessments, does not seem associated with improved
achievement for all students, nor in all subject areas. Although commendable and hard-earned
efforts have surely improved literacy and numeracy for many students, it appears that not all
students benefitted from these efforts.

Conclusions and Recommendations

Results from this analysis suggest that school reform efforts evaluated through assess-
ments in literacy and math may be negatively associated with gains in science achievement
and therefore contradict related STEM reform initiatives to improve the achievement of
American students in science and math. Although we make the assumption that designers of
school reforms intended to improve the educational outcomes across a broad range of intel-
lectual areas of all students, this study offers some evidence of counterproductive outcomes.
Model results, consistent across three cohorts of students, indicated that improved school-
level performance in English and math, as measured by state administered standardized tests,
was generally associated with lower individual achievement scores on the ACT Science
exam. For the 2010 cohort, students from schools with improving ISTEP English scores over
the previous three-year period produced statistically significant and lower mean ACT Science
scores than their peers in schools exhibiting declines on the ISTEP exams. A nearly identical
result was found for ACT Math scores, where scores across the three cohorts declined and
‘improving’ schools from the 2010 cohort had students with significantly lower mean ACT
scores than their peers. In more general terms, our models showed no significant and positive
relationships between schools marked as ‘improving’ in math or English and student
performance on ACT exams in science, math or English. Based on these results, we provide
recommendations for educators, policymakers, and researchers.

As Duke’s (2007) study of principals attempting to turn around chronically low-
performing schools suggested, literacy might be the cornerstone of effective school reform.
If students cannot proficiently read and comprehend material, then all other efforts toward
improvement might prove futile. However, increasing literacy instruction only at the most
basic levels might produce gains on state-mandated measures of school achievement, but not
necessarily enhance the educational experience of students desiring to be college-bound. As
both Holland (2010) and Suskind (1998) demonstrated, even within chronically low-performing
schools, capable and competent students aspire to attend prestigious universities. When edu-
cators design and implement initiatives intended to improve the literacy of low-performing
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students, we believe they should simultaneously consider ways to improve literacy instruction
for all students, including those who are high-performing. Rather than focusing on leaving no
child behind, we should reframe the policies to focus on helping all students achieve their
academic potential. More directly, these initiatives should be seen as ways to simultaneously
deepen the content knowledge of students in the areas of science, math and other disciplines.

When policymakers devise statutes intended to assess school performance, we recom-
mend development of a more balanced approach across the disciplines. Current federal and
state laws focus almost exclusively on student literacy and numeracy. This narrow definition
of school effectiveness and school improvement does not address the multitude of purposes
that stakeholders have come to expect from public schools (Labaree, 1997). In addition, as
Balfanz, Legters, West, and Weber (2007) and Stringfield and Yakimowski-Srebnick (2005)
have indicated, the NCLB metric of Adequate Yearly Progress in reading and math perfor-
mance often produces confusing and counterproductive results. The current analysis suggests
that current methods of school improvement, as measured by student English and math
scores, likely may not enhance the science content preparedness of students intending to
attend college and potentially enter the STEM pipeline. Echoing this finding, the NRC (2011)
suggested, “To make progress in improving STEM education for all students, policy makers
at the national, state, and local levels should elevate science to the same level of importance
as reading and mathematics,” (p. 28). We feel it is illogical to think that elevating the testing
status or increasing instructional time for science would solve these problems. Given that the
school day and year are generally bounded quantities of time, increasing instructional focus
on science as well as in English and math, would require less instructional time for other
subjects and leave our peers from those disciplines in a similar situation as we are
today. Based on this, we suggest a more balanced approach that utilizes the assessment of
cross-disciplinary subjects like science and history to test both content knowledge in tested
disciplines and critical reading, writing and numeracy skills. Using “‘applied” discipline areas
for assessment could encourage greater school-level collaboration of teachers and significant
integration of instruction across class content boundaries. Improving student literacy and nu-
meracy then becomes spread across a diverse curricula rather than just the sole responsibility
of English and math teachers.

Finally, we recommend researchers from multiple, often disparate, academic disciplines
collaborate to examine the intersection of their interests. As previously discussed, research
from discipline-based fields and school administration rarely intersect. The lack of overlap
between the two research areas facilitates the production and existence of gaps in educator
preparation and policy implementation. An increase in multidisciplinary collaboration may
lead toward a more holistic and effective approach to improving the education of all students
across subject areas.

We sincerely thank Gary Crowe, Meredith Park Rogers, Sam Stringfield, Tom Tretter
and the dedicated reviewers whose feedback improved this paper.

Notes

'The IDOE appendix discussing reliability and validity mentions many data tables, but
none of these are found within the actual report or on the IDOE website and so could not be
evaluated further. The original technical evaluation report from 2003 could not be located via
an internet search.

*Unlike many states (e.g., Illinois, Kentucky) Indiana students are not required to take
ACT exams during high school.
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