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Abstract
One rural Midwestern high school discovered a discrepancy among school, state, and
national science skill attainment, verified by ACT scores. If students do not acquire vital
science skills, they may not perform proficiently on science tests, thus impacting future
college options. Inquiry based instruction and constructivism provided the basis for the
theoretical framework. This study questioned associations between ACT scores, inquiry
science technique usage, and ACT standard usage (Phase 1), and teachers’ views on
science instruction (Phase 2). This sequential explanatory mixed methods program
evaluation included 469 ACT scores, surveys sent to 9 science teachers, and 8 interviews.
Phase 1 used the inquiry science implementation scale survey and an ACT college
readiness standards workbook to determine proportional associations between datasets.
Descriptive statistics, one-sample ¢ tests, and binomial tests were used to analyze Phase 1
data. Phase 2 interviews augmented Phase 1 data and were disassembled, reassembled,
and interpreted for parallel viewpoints. Phase 1 data indicated that teachers use a slightly
above average amount of inquiry and science ACT standards in the classroom; however,
most science students did not test above the curriculum and there were inconsistencies in
standards covered. Phase 2 data revealed teachers need time to collaborate and become
skilled in inquiry methods to rectify the inconsistencies. The project was an evaluation
report. This study will foster positive social change by giving the district a plan: adapt the
science curriculum by integrating more ACT and inquiry standards and participate in
more professional development that applies inquiry as a tool to increase science skill

proficiency, thus generating locally competitive students for college and the workforce.
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Section 1: The Problem
Introduction
According to American College Test (ACT) 5-year trend data, QRS High
School’s (pseudonym) science skill scores are lower than state and national scores. This
study employed a mixed methods program evaluation to create a platform for change in
QRS High School; the ultimate goal of action research is to emancipate individuals from
any limitations hindering their growth (Creswell, 2008). Specifically, ACT background
data (see Appendix B) indicates science ACT scores at QRS high school are slightly
below state and national averages, within 1%, but the percentage of students considered
ready for college is 7% below state and national scores (ACT, 2011a). As a statistical
comparison, the 5-year average between QRS High School and state scores for other
ACT tested areas are within 1% for math and reading and 1.3% for English (ACT,
2011a). The 5-year averages for students meeting college readiness benchmark statistics
for other tested areas include 68.6% for English, 38.6% for math, and 50.6% for reading.
Although the data are comparable for all four areas, in reference to the difference
between the high school’s scores and state’s scores, the 5-year average of students ready
for college in science was 17.2% less than math, 29.2% less than reading, and 47.2% less
than English within QRS High School. This analysis demonstrates an inconsistency, or
gap in practice, within the high school, demanding immediate attention by the science
department.
According to the standards proposed by the 2002 No Child Left Behind Act

(NCLB), schools should increase testing performance so a gap, such as the one presented,



no longer exists (Tavakolian & Howell, 2012; Wagner, 2008). For example, Polikoff
(2012) evaluated student learning, including science, in relation to instructional alignment
since the implementation of NCLB. The results indicated an increase in performance
when teachers performed an instructional alignment to state and federal standards. As
such, this project study focused on narrowing the gap through an increase in science skill
achievement. The closure of this gap began by reviewing archival science ACT scores,
obtaining classroom-level data about inquiry usage within the department, and then
evaluating the current science curriculum in QRS High School. The curriculum
evaluation was designed to analyze instructional alignment with assessed ACT skills.
However, at the time of this study, the science department at QRS High School did not
employ a program designed to address ACT college readiness skills. Furthermore, data
evaluating the effectiveness of the current curriculum was lacking and, therefore,
undetected deficiencies in the curriculum could have contributed to the problem. The
program evaluation, specifically a needs assessment, became the basis for recommended
changes to future practices in the science department regarding scientific skills and
concepts addressed during assessments which measure all, or some, of the following: “the
interpretation, analysis, evaluation, reasoning, and problem-solving skills required in the
natural sciences” (ACT, 2013b, para. 1). This study focused on science because the
researcher of this project is a high school science teacher. Furthermore, as science is not
a state tested area at QRS high school, the science department receives fewer resources
and professional development opportunities (C. Ruszala, personal communication, March

15, 2012). Nevertheless, schools must develop an ambitious strategy to improve science



scores (Simpson, 2009), and districts need to create educational goals for their students
(Bolden, 2012). Reaching targeted goals can help students understand course material.
Additionally, students need to comprehend high school science coursework to prepare for
postsecondary science. According to ACT, Inc. (2012), school districts and states need to
implement educational standards that prepare all students for life after high school. This
study data provided the decision criteria for educational standard determination at the
QRS High School science department.

Research showed an existing gap in ACT scores and, even more significant, a gap
in practice at QRS High School. As a result, I reviewed the science department’s current
practices. This review directed the subsequent research into the acquisition of science
skills to improve practice. I collected data and conducted an internal evaluation of the
science department to evaluate practices helping students attain basic scientific skills.
This program evaluation could foster a transformation of the science curriculum through
the future implementation of additional inquiry based activities in each of the 11 classes
taught at the high school. Through this implementation, students could increase their
knowledge and skills base to prepare them for college and their future careers. This
transformation would take shape at the start of high school and follow a student
throughout his or her high school career. Teachers could help students with science
achievement by applying constructivist concepts developed by Dewey (1916), Piaget
(1928/2009), and Vygotsky (1978). A rise in student achievement could result in (a) a

rise in local assessment scores and possibly state scores, (b) an increase in students going



on to a postsecondary education, and (¢) more students graduating from college and
possibly returning to their hometown as productive community members.

In Section 1, I present a problem in one rural Midwestern town. The topics that I
discuss in Section 1 include the local problem; rationale for conducting a project study,
including local evidence and evidence from professional literature, the significance of the
study, research questions, theoretical framework, implications of the study, and a
summary.

Definition of the Problem

Data analysis of ACT data revealed the science curriculum in QRS High School
needs modifications. As such, a goal of this study was to accelerate curriculum changes
in the science department while simultaneously preparing students for life after high
school. When attempting to increase test scores, school curriculum is vital (Allen, 2007;
Burton & Frazier, 2013; Sheninger & Devereaux, 2012). As stated by the QRS High
School science department chair, the science curriculum in place was outdated and rarely
followed (personal communication, September 3, 2012). More specifically, the
curriculum was last updated in 2006 and located in a computer program no longer
utilized by the district (teachers lost access when the district did not renew the contract).
The science department did not have printed copies of curriculum documents because the
district wanted to make a technology move. As such, the science teachers were unable to
quickly verify if their chosen lesson plans covered school, state, or federal standards.

A secondary concern exists in the town dynamics. For many of the adults in this

rural community, a blue-collar job with hourly wages provides the income for their



families. The community has a population of 4,391 people and is comprised of roughly
10 factories, two grocery stores, five gas stations, and 10 restaurants. The high school
served an average of 887 students per year between 2006 and 2010 (Department of
Elementary and Secondary Education [DESE], 2010a), and according to the Office of
Social and Economic Data Analysis (2011), the percentage of children living in poverty
in the county (subsequently referred to as Alias County) rose 6.4% between 2000 and
2008. This is a town where the burden of poverty is the norm rather than the exception.
However, development and growth could help alleviate some of this burden and
consequently benefit the town (Alvarez, & Barney, 2013; Perry, Arias, Lopez, Maloney,
& Servén, 2006).

Helping students obtain science skills necessary for college or the workforce
would foster an educational transformation in QRS High School. Some students choose
to withdraw from the school before graduating. Other students may finish high school or
obtain a General Education Diploma (GED), yet do not attend college. Almost half of
the student population obtains a 2-year or technical school degree. Between 2006 and
2010, the average percentage of graduating seniors attending a 4-year college or
university was 18.1% as compared to the 18.5% entering directly into the work force
(DESE, 2010d). A study by Datnow, Solorzano, Watford, and Park (2010) discussed the
concern of many low-income young adults making the transition from high school to the
work force or not making a transition at all. As such, educators need to help ensure
students graduate and prepare them for the postsecondary education system and work

force.



Although the poverty of the town has been a burden on the local high school, the
high school must still prepare students for 21st century jobs. According to ACT (2013a)
scores continue to indicate the United States must improve student education so they can
be internationally competitive for 21st century jobs. Furthermore, only 47.5% of the
graduating seniors from QRS High School took the ACT in 2010 (DESE, 2010b).
Additionally, only 17% of those students taking the ACT in 2011 were ready for college
science; the 2007 to 2011 5-year average was 21.4% (ACT, 2011a). Consequently,
improvement of the science curriculum at QRS High School could facilitate a rise in the
local high school assessment standings.

Rationale
Evidence of the Problem at the Local Level

Five-year science ACT statistics displayed a trend demonstrating students are
unprepared for college. ACT Profile Reports from 2007 to 2011 showed the average
percentage of students meeting college readiness benchmarks in science to be 20.8% at
the local level, 31.6% in the state, and 28.6% at the national level (ACT, 2011a; ACT,
2011b), displayed in Appendix B. Data from the reports show the local level is 7.8%
lower than the national level and 10.8% lower than the state level. These percentages
illustrate the need to increase science achievement at the local level.

More than half of the graduating seniors at QRS High School are not taking the
ACT, despite an assigned academic advisor throughout all four years of high school.
Additionally, only three students from the high school took the SAT in the past 5 years

(guidance office at QRS High School, personal communication, March 28, 2012). This
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number translates to roughly 0.3% of the student population. Conversely, the average
number of graduating seniors from this high school entering a 2-year college or
university was 43.1% (DESE, 2010d). While very few students at QRS High School take
the SAT, many take placement tests at the local community college and tend to test into
remedial or standard courses. Nevertheless, 2-year colleges and universities require
students to take the ACT. Colleges are assessing the skill level attained by students
throughout high school. The statistics presented provided the needed evidence to
reevaluate a faltering science curriculum and to place an emphasis on students acquiring
the necessary skills to be successful in college. If the school fails to increase science
achievement and the number of students taking tests such as the ACT, students are at a
higher risk for not getting in to college, not getting in to advanced science courses, or
having to take remedial science courses to reach average proficiency.

Five-year data trends demonstrated a need to increase science ACT scores.
However, the data also illustrated the need to increase the number of students interested
in, and taking, more science, technology, engineering, and math (STEM) courses.
STEM Careers

There are a multitude of STEM careers for people entering the workforce.
Unfortunately, there are not enough students graduating with a STEM degree; therefore,
there are not enough workers to fill vacant positions (Hall, Dickerson, Batts, Kauffmann,
& Bosse, 2011; Schiavelli, 2011). The United States ranks 20th in the world for STEM
degrees (Hall et al., 2011; Zhe, Doverspike, Zhao, Lam, & Menzemer, 2010), partly

because American workers have not acquired the appropriate skills needed for STEM



work (Kelly, 2012). The STEM industry is dependent on having workers who are
considered highly qualified, yet according to ACT (2013a), only 36% of graduating
seniors in the United States were prepared for college science, necessitating an increase
in the number of students considered ready for college science. Table 1 demonstrates
only 12.3% from the class of 2012 planned to major in STEM-oriented careers.
Furthermore, only 5% of this number represented science careers. As such, the high

school must increase efforts to get students interested in STEM courses.



Table 1

Class of 2012 STEM majors

STEM Major Students
Number enrolled Percent of class

Pre-engineering 6 3.35
Biotechnology 2 1.12
Biology 2 1.12
Biomedical engineering 1 0.56
Computer information Technology 2 1.12
Computer Science 1 0.56
Engineering management 2 1.12
Exercise science 1 0.56
Mathematics 1 0.56
Microbiology 1 0.56
Mining engineering 1 0.56
Physics 1 0.56
Pre-medicine 1 0.56
Total 22 12.29

Note. There were 179 graduating seniors in the Class of 2012. From QRS High School Guidance Office,
personal communication, September 12, 2012
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Evidence of the Problem from the Professional Literature

According to ACT and DESE reports for ACT scores from 2007 to 2011, QRS
High School students scored below state and national science averages (ACT, 201 1a,
2011b; DESE, 2010a). Students must have a solid knowledge base before taking
assessments and master necessary skills to be successful in STEM work (Asunda, 2011).
Mastering these skills gives students an advantage when pursuing STEM careers.

QRS High School students lack scientific reasoning skills and have a difficult
transition to postsecondary science (A. Schoonover, personal communication, January
24,2012). This assertion is deduced primarily from ACT data, as the school does not
collect its own data on STEM skills and the transition to college. However, National
Assessment of Educational Progress (NAEP) data from 2011 ranked Missouri eighth
graders 21st in science scores, meaning 42% of states scored higher (National Center for
Education Statistics, 2012). Bolden (2012) stated a lack of science instruction at lower
grade levels compounds the issue, creating a system in which students perform poorly in
high school science courses and on science assessments. The transition to high school
and college is difficult when students are unable to apply necessary science practices to
assessments. The four necessary science practices include “identifying science
principles, using science principles, using scientific inquiry, and using technological
design” (National Center for Education Statistics, 2012, p. 2). When a student is lacking
that knowledge, in part from an inadequate curriculum, he or she might score lower on

assessments and may have difficulties with college science courses.
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Research relating high school and college grades indicates that many students are
unprepared for the rigors of their postsecondary science courses (Bowers, 2007; Jensen &
Moore, 2008), signifying students have not acquired the skills necessary for a successful
transition to college science. For instance, Walsh (2010) cited possible grade inflation in
high schools within their competitive environments, meaning school districts near each
other are adjusting their bottom line to appear appealing to the public. The study did
show, however, teachers might readjust scoring to reflect the student’s true grade. Jensen
and Moore (2008) discussed high school grade inflation and the absence of academic
challenge in their report, which argued only 33% of students felt challenged during high
school. Furthermore, the students in the study by Jensen and Moore (2008) were a
representative sample of those students found in a typical college science classroom; the
average student ACT score was 20.

National NAEP Versus the International PISA

Using national NAEP data and Programme for International Student Assessment
(PISA) data provides a way to determine how US students rank versus similar students in
other Organisation for Economic Co-operation and Development [OECD] countries.
Programme for International Student Assessment measures how effective students are at
applying subjects to real-world contexts by age 15 (National Center for Educational
Statistics, 2008,) and showed the United States’ ranking is average on the scientific
literacy scale, with 12 out of the 33 countries scoring higher. Only 29% of U.S. students
scored “at or above level 4 on the science literacy scale,” which demonstrates the ability

to “complete higher order tasks” (Fleischman, Hopstock, Pelczar, & Shelley, 2010, p. iv).
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In other words, 29% of U.S. students have the ability to apply knowledge to more
complex science problems. Both NAEP and PISA measure scientific knowledge;
however, NAEP includes a practical component. Of the topics tested, 83% are
comparable but no data comparison results were available at this time (National Center
for Educational Statistics, 2008). Data results from international PISA testing have
consistently placed the United States in the middle of the rankings (Bybee, 2007, 2009;
Bybee & McCrae, 2011), but 12th grade science scores declined from 1996 to 2005 on
NAEP (Liu, Lee, & Linn, 2010). National and international scientific testing data
indicates a need for an increase in scientific literacy to increase scores (Bybee, 2007,
2009; Bybee & McCrae, 2011). The United States’ PISA ranking suggests a need for
systemic change (Shymansky, Yore, Annetta, & Everett, 2008). International testing data
are well-defined and demonstrate the United States is trailing behind other countries in
terms of offering a science curriculum that teaches students scientific competencies and
skills (Bybee & McCrae, 2011). The data provide additional support for the evaluation of
the science curriculum in QRS High School.
Definitions

Achievement gap: The difference in the scores between two different groups of
students on different measures, such as achievement levels (Murphy, 2009).

Adequate yearly progress: A government-mandated process for which a school
district must show a steady increase each year in state testing and graduation rates until
100% is achieved by the year 2014. A state can set a different deadline to reach 100%

for its graduation rate (National High School Center, 2006).
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Benchmark score: The ACT is a predictor of college grades. A benchmark score
is “the minimum score needed on an ACT subject-area test to indicate a 50% chance of
obtaining a B or higher or about a 75% chance of obtaining a C or higher” (ACT, 2011b,
p. 3).

College and career readiness standards: Provides a description of the likely skills
students know, given a specific score range on the ACT (ACT, 2014), and the skills
needed to be considered college ready (ACT, 2011e). These skills include interpretation
of data (IOD); scientific investigation (SIN); and the evaluation of models, inferences,
and experimental results (EMI; ACT, 2014).

Common core state standards initiative: Provides the United States education
system, K-12, with a consistent and higher standard. This initiative is aimed at
supporting the acquisition of needed knowledge and skills to be a successful
postsecondary student (ACT, 2011g) and is to align with college and career readiness
standards (ACT, 2009a). The common core state standards initiative is the result of a
collective effort after the passing of the American Recovery and Reinvestment Act of
2009 (ARRA) (ACT, 2009).

Course selection: Demonstrates whether a student follows a typical core
curriculum or a noncore path (ACT, 2011b).

Inquiry based instruction: Designing, and applying, a curriculum that allows
students to explore through extended investigations in the classroom (Minner, Levy, &

Century, 2009, p. 476).
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Inquiry based learning: Active learning through critical and logical thinking;
often reflects the work of scientists (Minner et al., 2009).

Rural, qualitative perspective: The characteristics describe the area, such as
family and community life, socioeconomic status, lack of access to resources, and
education (Vernon-Feagans, Gallagher, & Kainz, 2010).

Rural, quantitative perspective: The statistical properties describe the area, such
as population, size, and location (Vernon-Feagans et al., 2010).

Significance

The purpose of this study was to help the students at QRS High School improve
their science skills while simultaneously providing suggestions for the teachers on how to
best develop these skills in their students. The science teachers can make suggested
changes stemming from the results of this program evaluation. Increasing students’
science skills base would increase their success in college science programs.
Furthermore, there is a positive relationship between the attainment of skills and ACT
scores for individual students at QRS High School. Obtaining ACT scores between 21
and 36 would earn an individual student a scholarship. Scholarships range from
reimbursement for the cost of a basic ACT up to $500 plus reimbursement for a basic
ACT. While persuading students at QRS High School to take the ACT can be a
challenge “in a town where generational poverty is a concern, the simple act of having
$35 reimbursed as a result of an ACT score could enhance the confidence level of an

individual student” (S. Ulrey, personal communication, December 21, 2012). The high
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school is a major focal point in the town, and a higher confidence level amongst students
could influence a positive transformation in its local setting.
Research Questions

As stated earlier, many QRS high school students score poorly on the science
component of the ACT. Research showed a relationship between low science skill
acquisition and students failing college readiness benchmarks in science. There is an
insufficient number of research studies focused on obtaining the necessary science skills
needed to transition successfully to college science or the lack of science skills. The
absence of such literature demonstrates a need for additional research (Nagowah &
Nagowah, 2009).

In this project study, I had questions about student achievement in high school
science and, as a result, student preparedness and achievement in college science.
Consequently, it was necessary to research what science skills are necessary in high
school and college. I also researched what inquiry methods teachers use to teach students
these skills for local and state testing, which could be beneficial in national or even
international testing. Accordingly, the following are research questions for this study.
Phase 1: Quantitative Questions

1. What is the variation in the proportions of past student ACT scores and ACT
science college readiness standards covered in the science curriculum at QRS High
School?

This measurement was through one-sample ¢ tests, which give “an indication of the

separateness of two sets of measurements” (Changing Minds, 2013, para. 1), and
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binomial tests, which evaluate proportions (IBM, 2012). The tests were run on ACT
scores and ACT science college readiness standards from the curriculum review
worksheets workbook taught in the science classrooms.

2. What is variation in the proportions of past student ACT scores and scientific
inquiry concepts the science teachers at QRS High School are exposing their students to
in the classroom?

The ACT measures many scientific inquiry concepts (ACT, 2013b). Therefore, this
research question was designed to examine the amount of inquiry occurring at QRS High
School and attempt to correlate it to ACT scores. The measure of inquiry was through
the number, and frequency, of techniques applied in each teacher’s classroom as
determined in the inquiry science implementation scale (ISIS). This was quantified
through one-sample # tests and binomial tests of ACT scores and inquiry techniques
taught in the science classrooms, as measured by the ISIS.

Phase 2: Qualitative Question

3. What are science teachers’ viewpoints concerning scientific inquiry’s impact on

student acquisition of science skills at QRS High School?
Review of the Literature
I conducted a literature review to improve my understanding of inquiry based
instruction as a tool to help increase the science skills of students at QRS High School.
To investigate, I reviewed various sources on achievement gaps, science skills, testing
and assessments, program assessments, coursework, and articulation agreements. The

organization of the literature review includes (a) a theoretical review with a historical



17

basis for inquiry based instruction and current studies related to search parameters used to
provide a web of resources to increase science skills at QRS High School and (b) the
function of the current study in terms of adding to research and the involvement of social
change.

I conducted an exhaustive search for resources through multiple databases
including EbscoHost, ERIC, Google Scholar, the local library, Proquest, and the Walden
University online library. Search parameters included Boolean operators and key terms
such as the following: achievement gaps in science (Bowers, 2007; Gopalsingh, 2010;
Murphy, 2009; National Center for Education Statistics, 2012; Wagner, 2008), inquiry
based learning and instruction (Dewey, 1916; Marshall & Horton, 2011; National
Research Council, 1996; Piaget, 1928/2009; Shymansky, Kyle, & Alport, 1982, 1983,
2003; Vygotsky, 1978), program assessments (Ali, Yang, Button, & McCoy, 2011;
Brandon, Young, Pottenger, & Taum, 2009; Burton & Frazier, 2012; Lee & Ready,
2009), and science skills (ACT, 2013; Asunda, 2011; Baine, n.d.; Feller, 2011; National
Center for Education Statistics, 2012; Schiavelli, 2011). Primary search parameters
included significant secondary terms including articulation agreements (King & West,
2009; Montague, 2012), coursework (Chabalengula, Mumba, Hunter, & Wilson, 2009;
Mo, Yang, Hu, Calaway, & Nickey, 2011; Sawyer 2010), and testing (Joughin, 2009;
Lee, 2010; Quinn, 2010; Torgesen & Miller, 2009; Trauth-Nare & Buck, 2011).
Theoretical Framework

Inquiry. Inquiry based instruction has its roots in constructivism, and many

researchers credit Dewey (1916), Piaget (1928/2009), and Vygotsky (1978).
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Constructivism focuses on the theory that students incorporate previous knowledge so
they can actively learn new information through adaptation (Dewey, 1916) while
challenged to think critically (Vygotsky, 1978). In the early 1900s, Dewey spoke of
students utilizing the instruction a teacher delivers to influence their own self-education,
a form of inquiry. More recently, the National Research Council provided this
description for components of inquiry in the National Science Education Standards:

Inquiry is a multifaceted activity that involves making observations;

posing questions; examining books and other sources of information to see

what is already known; planning investigations; reviewing what is already

known in light of experimental evidence; using tools to gather, analyze,

and interpret data; proposing answers, explanations, and predictions; and

communicating the results. Inquiry requires identification of assumptions,

use of critical and logical thinking, and consideration of alternative

explanations (National Research Council, 1996, p. 23).
The relationship between the theory of constructivism and the National Science
Education Standards (National Research Council, 1996) definition of inquiry is that
students utilize their previous knowledge to learn new concepts. Most research, past and
current, involving inquiry centers on what students should learn versus the delivery of
information. For instance, Minner et al. (2009) noted for each component of inquiry a
student should learn, teachers will have various delivery methods. Inquiry provides a
platform through which the science teachers at one rural high can increase the skill level

of science students as the students are, in a sense, learning to think for themselves.
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Science classrooms have utilized inquiry based instruction for decades. While
inquiry methods are not the only way to teach a science course, many still consider these
methods to be in the forefront of the educational community (Brandon et al., 2009;
Marshall & Horton, 2011). Science is an active course in which students and teachers
should be working together (Cothern, 2011). In an inquiry classroom, this work equates
to solving various questions and problems. For example, both Schmoker (1993, 2006,
2007b, 2011) and Justice, Rice, Roy, Hudspith, and Jenkins (2009) made an argument for
transforming a student’s critical thinking skills by utilizing the inquiry notion of less
content and more thinking where all projects require students to think, analyze, solve, and
communicate. An example of this is a laboratory investigation and the associated
laboratory report. Combining the ideas of Justice et al. (2009), decrease content
coverage over the course of a school year and cover concepts in depth, with those of
Schmoker, allow students to take an active role in their education, teachers have the
ability to teach an inquiry based program to their students.

Inquiry based classrooms have many benefits. Research by Blanchard,
Southerland, Osborne, Sampson, Annetta, and Granger, (2010); Brickman, Gormally,
Armstrong, and Hallar (2009); Marshall and Horton (2011); and also seminal work by
Shymansky, Kyle, and Alport (1982, 1983, 2003) found inquiry based instruction has the
ability to increase students’ retention rates and, in turn, improve assessment scores.
Additionally, Marshall and Horton (2011) found that when lessons permitted students to
function at higher inquiry levels, 17% more class time was utilized. However, the

students were more apt to score proficient or advanced on testing. Marshall and Horton
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(2011) called attention to the relationship between student cognitive level and teacher
presentation, for allowing students time to develop their own inquiry skills deepens their
cognitive level and understanding of science. Each of these benefits provides students
with valuable materials while, as stated by Dolan and Grady, (2010) and Grady, (2010),
accomplishing the task of engaging them in critical thinking. This engagement gives
students the ability to apply these skills in their future science careers.

Given the research, inquiry based instruction could be best practice for the science
department at QRS High School as a possible solution to the problem of low achievement
in science. However, the school needed to determine to what extent teachers employ
inquiry based practices in their classrooms; therefore, there was a need to investigate the
science curriculum in QRS High School for inquiry components.

Increasing science performance. In this project study, the theoretical base
included research from various topics associated with increasing science skills including
the following: (a) achievement gaps and possible ways to lessen the gap, (b) ways to help
acquire scientific skills, (c) alternative ways to assess students, (d) the quality of
coursework, and (e) forming articulation agreements with local colleges to enhance high
school curriculums. Each approach is one portion of a larger unit in which QRS High
School takes a proactive approach to increase science performance.

Achievement gaps. Achievement gaps in education are inevitable, but the
ambition of schools is to minimize the divergence. For instance, Gopalsingh (2010)
reviewed achievement gaps in science, math, social studies, and English. The variance

between the four core courses is becoming apparent as states are testing in math and
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English but not science or social studies. An analysis of 2011 NAEP results reported by
the National Center for Education Statistics (2012) showed NCLB has failed to provide
the level of improvement politicians hoped for. Results indicate that NCLB has not
significantly helped to improve achievement gaps between racial/ethnic groups or gender
gaps. In fact, NCLB appears to place undue stress on an already stressed educational
system. The need to increase the amount of collaboration through professional
development and professional learning communities (PLCs) and the data produced can
compound the issue (Koba, Wojnowski, & Yager, 2013). Nevertheless, due to state and
federal testing, schools must attempt to manage issues on a local-level. This statement
emphasizes the amount of stress placed on districts, teachers, and students to perform
well on testing. This study is one effort to minimize the gap.

My research into the challenge to close an achievement gap generated a simple
inquiry on how to lessen the distance between groups at QRS High School. In essence,
were there measures the school could incorporate to help resolve achievement gaps?
Four topics of significance included the following: (a) whether most of the high schools
setting the standard for science testing are affluent schools or if there are low-income
school districts performing at a higher standard as well; (b) the strategies applied by
higher scoring schools in their science classrooms; (c) could QRS High School
implement these science strategies without large monetary cost; and (d) the importance of
a curriculum in addressing assessments and, therefore, achievement gap issues.

The first topic, which discusses a school’s revenue level and success rate on

science testing, is actually difficult to answer because school level assessment data, such



22

as ACT records, are not public data. According to C. Ruszala, “Very few school districts
are forthcoming with such personal information” (personal communication, April 1,
2012). One study from Minnesota determined the number of free- or reduced-lunch
recipients “had a statistically significant association with achievement,” (Condon, et al.,
2012, p. 11) where schools with a larger percentage of free or reduced lunches tended to
score lower on science assessments.

The second and third topics concern program strategies applied in science
classrooms in schools with a successful testing record and the implementation of
successful strategies at QRS High School without large monetary cost. Multiple
researchers (i.e., Asunda, 2011; Baine, n.d.; Feller, 2011; Schiavelli, 2011) discussed
increased scores when teachers use strategies for which students have active roles in their
education. These strategies include the use of guest speakers, hands-on activities,
problem-solving coursework, activities involving collaboration, and technology.
Aladejana (2009) discussed an increase in student achievement when science classes use
technology, such as the technology used in laboratory experiments. The science teachers
of QRS High School could implement many of these strategies without large monetary
cost to the district.

The fourth topic addresses the necessity of a curriculum. According to multiple
researchers (i.e., Allen, 2007; Burton & Frazier, 2013; Schmoker, 2006; Sheninger &
Devereaux, 2012), a principal factor that seems to be quite effective in increasing scores
is the curriculum a school has set in place. That curriculum should be rigorous yet

practical. For example, Miranda and Hermann (2012) researched curriculum strategies in
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science and suggested teachers choose a combination that works for their classroom, such
as an integrated inquiry approach combining multiple techniques. The QRS School
District currently has a science curriculum in place. However, the curriculum is not
always applied. Similarly, a secondary strategy initiated by principals and teachers in
effective school systems is the use of horizontal and vertical teaming in each subject area
(Dufty, 2010). In a National Center for Educational Achievement [NCEA] (2011) report
titled The 20 Non-Negotiable Characteristics of Higher Performing School Systems, a
PreK-12 vertical alignment of the curriculum through a backwards approach (starting
with high school) is fundamental. The district details objectives and vertically aligns the
curriculum to state standards. Conversely, at QRS School District there is seldom
vertical or horizontal teaming to work with the curriculum, which raises questions about
how rigorous and practical the set science curriculum is. A solution, with almost no cost
to the district, is to use professional development days for true horizontal and vertical
teaming. This time would allow the science department to create a definite and viable
curriculum. In addition, the entire district could benefit from an increase in vertical and
horizontal teaming.

Closing any achievement gap is the goal of NCLB, but the complete closure of
this difference may be unattainable. For example, Murphy (2009) and Wagner (2008)
called attention to the closure of achievement gaps and discussed that although closing
the variance appears to be a simple task, teachers’ experiences are quite the opposite. In
the past, literature concentrated on the absolute improvement of students, meaning the

distance between two groups needs to decline (Murphy, 2009). Teachers and
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administrators must consider the relative improvement of individual students. Similarly,
students who need to improve their learning should get the advantages needed to increase
their achievement levels. By doing this, teachers may find it possible to decrease the
distance of the gap between groups. For instance, Johnson (2009) and Haak,
HilleRisLambers, Pitre, and Freeman (2011) had positive results in reducing achievement
gaps in science when students engaged in active learning. In addition, Haak et al. (2011)
found a highly structured science classroom could reduce the gap to within 0.4 grade
points, verses 0.8 points in a classroom with less structure (p. 1215). This reduction was
possible without any monetary cost to the district. While achievement gaps exist,
research has shown that simple changes in the classroom can reduce the distance.

Scientific skills. When students lack the skills necessary to succeed in science
classroom, teachers must discover new ways of teaching the students so they acquire
these skills. According to the National Center for Education Statistics (2012), the four
main scientific practices students should master include “identifying science principles,
using science principles, using scientific inquiry, and using technological design” (p. 2).
The scientific concepts addressed during the ACT include measuring “the interpretation,
analysis, evaluation, reasoning, and problem-solving skills required in the natural
sciences” (ACT, 2013b, para. 1). The indication here is that mastery of such scientific
knowledge could give the students at QRS High School an advantage when applying for
college science courses or STEM careers.

Efforts applied in the classroom to improve the science skills of high school

students include such items as (a) creating a real-world curriculum, (b) having businesses
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help determine what students need to learn, (c) participating in more hands-on activities,
(d) having guest speakers in STEM careers, (e) performing activities that use
collaboration, (f) selecting problem solving coursework, and (g) integrating more
technology (Asunda, 2011; Baine, n.d.; Feller, 2011; Schiavelli, 2011). Engaging in
these efforts could help QRS High School improve students’ skill base.

From a research perspective, the presentation of material can alter a student’s
perception of science. For example, Scott and Pentecost (2013) discovered inquiry based
laboratory components positively affect student views of science classes, and increase
achievement. Roberson and Lankford (2010) concluded labs and laboratory notebooks in
the science classroom can help students be active and engaged thinkers, critical analyzers,
and responsible for their learning. Similarly, Aurentz, Kerns, and Shibley (2011)
suggested the use of state-of-the-art equipment to improve student perception, and
performance, in science. The use of such research based suggestions could help students
connect with real-world curriculums, participate in hands-on activities, use collaboration,
complete problem-solving work, and operate some components of technology.

Non research-based courses of action to improve science skills would include
having local businesses help determine what skills are important for graduating seniors to
know and having guest speakers in the classroom. Both of these suggestions can help
students make real-world connections. Each of these types of learning and interactions
can transfer to lessons in the classrooms at QRS High School.

Testing and assessments. In the NCLB era, classroom assessments and

standardized testing have become the face of education and have altered the dynamics of



26

schools that find themselves pressured by adequate yearly progress requirements (AYP),
testing data, current testing trends, and achievement gaps. For instance, Burton and
Frazier (2012) and Quinn (2010) called attention to these various points: testing is messy,
complicated, and filled with mixed reports and misconceptions about the effectiveness of
high-stakes testing. Burton and Frazier (2012) further noted state testing places pressure
to conform, making inquiry science teaching more difficult. As a possible solution to the
setbacks in testing, Joughin (2009) discussed refocusing assessments and the types of
assessments given in the classroom. Joughin (2009) examined utilizing the following
four aspects to facilitate and promote learning: make assessments learning tasks, give
feedback to the student, help students develop the ability to critique their own work—
even for assessments, and have teachers apply the assessment results (p. 2). One college
has implemented such strategies in all subjects since 1973, with great success, where the
mission of the college is to “make assessment a meaningful and vital way to enhance
student learning” (Riordan & Loacker, 2009, p. 176). Each student must master eight
different abilities including: “communication, analysis, problem solving, valuing in
decision-making, social interaction, developing a global perspective, effective
citizenship, aesthetic engagement” (Riordan & Loacker, 2009, p. 177). In essence, the
students learn by actually applying their knowledge. Additionally, Liu et al. (2010)
tested the hypothesis that an inquiry component, with multifaceted assessments, would be
beneficial over traditional teaching. The study tested both middle school and high school
students, involving 2,060 participants the first year in a traditional setting and 2,685

participants the second year where only one or two of the units were altered to a 5-day
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inquiry segment. The results illustrated the hypothesis was correct; however,
performance of the students varied by teacher, possibly due to the comfort level of the
teacher to implement an inquiry unit. As such, multiple researchers suggest an
alternative recommendation to the typical assessment format to measure understanding.
Assessment for learning may provide a more suitable environment for students in an
inquiry classroom (i.e. Newby & Winterbottom, 2011; Torgesen & Miller, 2009; Trauth-
Nare & Buck, 2011). Namely, Newby and Winterbottom (2011) and Trauth-Nare and
Buck (2011) endorsed assessment for learning in which students are stakeholders in every
aspect of their evaluations, specifically formative assessment. Torgesen and Miller
(2009) researched schools that have been successful in assessment for learning and
discovered these schools apply the same or similar strategies as those mentioned by
Joughin (2009). These strategies include frequent assessments, assessments in multiple
forms, assessments with a clear target, teachers giving appropriate feedback, and students
participating in self-assessment and peer feedback (pp. 31-37). Moreover, Schmoker
(2006, 2007a) made the simple recommendation to place an emphasis on authentic
literacy—actually having the ability to think effectively and communicate (2007a). In
QRS High School’s science courses, these alternate assessments may take the shape of
laboratories, a lab practical, or even an assessed oral presentation about a scientist.

If a teacher still focuses on testing, there is a correct way to improve scores. In
particular, Quinn (2010) suggested five areas that need to work in conjunction with each
other to improve test scores: (a) a school board for which the main focus is on student

achievement, (b) a principal focused on instruction, (c¢) the development of quality
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assessments including local and state testing, (d) localized improvement plans that focus
on the students and student data, and (e) teachers who want to meet all of their state
objectives, which are the grade-level expectations (GLE) and course-level expectations
(CLE) for high school science in the state. The NCEA (2011) reiterates the information
presented by Quinn: all stakeholders must work in a cohesive fashion to increase scores.
Preparing students to take assessments and be successful at them is a difficult
responsibility. A teacher who facilitates in the classroom can break down possible
barriers students may have. In particular, Deming, O’Donnell, and Malone (2012)
presented an educational language barrier issue in science in which students lack the
prerequisite language skills to communicate in terms of science, for science is like its
own language for which knowledge of that language is crucial for student comprehension
and success. As a prompt to increase scientific literacy rates, Foster and Shiel-Rolle
(2011) found scientific literacy camps were beneficial for young science students in rural
communities. A report from The Center for the Future of Teaching & Learning (2011)
stated scientific education, including scientific literacy, of students should begin at an
early age so the same students can be successful in their high school science courses.
These two studies establish a valuable argument: students must use the concepts in
science to build their scientific literacy skills early. Additionally, Torgesen and Miller
(2009) found school systems in which the students made greater strides used rich
feedback and self-reflection to work on language issues. Thus, the language in
assessment mentioned by Kellaghan, Greaney, and Murray (2009) and the authentic

literacy discussed by Schmoker throughout his work (1993, 2006, 2007a, 2007b, 2008,
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2009, 2011) demonstrate how all content-area teachers, not just science teachers, can use
scientific terminology to help their students improve on assessments.

Program assessment. This project study involved a program assessment of the
current curriculum in the science department at QRS High School. A program
assessment is used to make decisions (Creswell, 2008; Lodico, Spaulding, & Voegtle,
2006, 2010; Spaulding, 2010) and is conducted to improve upon what is already in place.
For instance, Spaulding (2008) presented a real evaluation example that is similar to this
project study. Two internal evaluators had to evaluate a high school inquiry based
science program. The study involved approximately 150 school districts. The evaluators
mailed out surveys to participants and conducted visits to 10 schools each year,
conducting interviews with science teachers implementing the inquiry based program.
The evaluators found the science program to be quite successful in one state, partly due to
a 3-week summer training session during which teachers learned inquiry techniques to
apply in the classroom. When attempting to expand the program to another state, the
evaluators discovered that there was a state ruling in which all new curriculum programs
had to undergo a probationary period of one full school year before the teachers could
adopt the program. This example functions as a reminder to evaluators that program
evaluations do not always go as planned.

Though matters may be unpredictable, program evaluations can be a useful tool in
education. Several researchers (i.e., Ali, et al., 2011; Altschuld, & Kumar, 2010; Lee &
Ready, 2009) discussed phases that can be present in educational reform during a

program evaluation including development of a new program, implementation of the
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program, and the evaluation. This study focused on the evaluation stage, as there was
already a science curriculum in place at the school. More specifically, Yin (2009) and
Brandon et al. (2009) applied different instruments to evaluate career education science
programs, incorporating the use of pre and post measures, evaluations, and focus groups.
Brandon et al. (2009) examined inquiry science programs and their implementation as
intended. Furthermore, Brandon et al. (2009) developed the ISIS to determine issues
within a program and provide understanding of the program. There are currently no
other studies that have used the ISIS. Furthermore, ACT (2010a) encouraged educators
not to focus on data from an individual year of testing but rather trends in testing over the
course of years. As such, this project study focused on past data trends during 5 years,
2007 to 2011, to obtain background data. These studies demonstrate that a program
evaluation is an ongoing process, and the evaluators should suggest changes in response
to data collections and reflections. A program evaluation should direct the evaluator, not
the other way.

Coursework. While it may be an ambitious goal to prepare all students for
postsecondary education, it would be remiss not to make an attempt. High schools have a
variety of options to help prepare students for college. While QRS High School does not
currently have any virtual learning courses, there are various core, advanced placement,
and dual credit classes to help prepare students for college. Some of the upper level
classes offered include dual credit geology, dual credit calculus, dual credit college
algebra, dual credit History I and II, Advanced Placement Psychology, and Advanced

Placement English Literature and Composition III and IV. Even with these dual credit
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and Advanced Placement courses, modifying the science curriculum is one way to benefit
students in their academic success.

Research revealed multiple strategies to improve student success in high school so
this success will continue into a postsecondary setting. Among the many
recommendations are two straightforward suggestions. One recommendation is to assess
students’ processing skills during actual hands-on work, such as a laboratory
investigation so students may acquire the practical science skills to be successful in
college (Chabalengula et al., 2009; Scott & Pentecost, 2013). One such tool to assess
processing skills is the performance-based lab assessment technique (PBLAT) for which
the teacher creates a rubric of a processing skill, such as manipulation of laboratory
burner or a microscope, and grades the student while performing the task ranging from
“Proficient performance; Limited proficiency: Can use but needs more practice; Cannot
do or use: Needs more instruction and practice; Not applicable, not observed”
(Chabalengula et al., 2009, p. 35). Another instrument assesses the acquisition of skills
during laboratory investigations in which high school students take a scientific skill
posttest to determine if they attained the essential skills. Two such examples are the
constructive inquiry science reasoning skills test (CISRS; Weld, Stier, & McNew-Birren,
2011) and the test of scientific literacy skills (TOSLS; Gormally, Brickman, & Lutz,
2012). These tests are designed to measure the progress of scientific skills in
undergraduate biology students. Both tests show promise in demonstrating when
students have acquired inquiry skills, such as analyzing and interpreting, which are both

used in laboratory investigations (Gormally et al., 2012; Weld et al., 2011). The ability to
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process given information is essential in college courses, especially in science courses. A
second recommendation is simple and less controversial than other solutions. Mo et al.
(2011) suggested encouraging students to take courses that both challenge and prepare
them for college, such as Advanced Placement courses. Both suggestions are helpful
when conducting a program evaluation.

While preparation for college is important, educators should find it important to
evaluate all aspects of an inquiry classroom and not just the level of coursework. For
instance, the American Association for the Advancement of Science (AAAS) (2013a)
evaluated Biology textbooks and meeting the needs of students. The AAAS started
Project 2061 in 1985. The project is an initiative to help Americans become literate in
STEM courses (AAAS, 2013b). A portion of Project 2061 included seven categories for
evaluation of the quality of support provided to students in biology textbooks, including
the following: (a) providing a sense of purpose; (b) taking account of student ideas; (c)
engaging students with relevant phenomena; (d) developing and using scientific ideas; (e)
promoting student thinking about phenomena, experiences, and knowledge; (f) assessing
progress; and (g) enhancing the science learning environment (AAAS, 2013a, para. 1-7).
As suggested in the research by AAAS, textbook adoption is an important part of the
support system to help improve science students’ work in the classroom.

Instructors do not create all coursework equal. This means that a student is not
ready for college simply because that student takes three science credits, which is the
minimum state requirement. To prepare themselves for college, students should take

courses beyond the minimum requirements. For instance, Mo et al. (2011) and Sawyer
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(2010) suggested students take additional courses and improve their performance in these
courses to prepare for the transition to college. If coursework is not equal, meaning a
basic biology class does not equate to an upper-level anatomy class, science students
should take extra courses in subjects that will prepare them for possible future STEM
careers.

College preparation should start at the beginning of a student’s high school career.
During their first year of high school, students, parents, and teachers need to produce a
viable plan of the appropriate courses to take to prepare the student for college and make
adjustments as that student’s interest changes (Guidance Office at QRS High School,
personal communication, November 07, 2012). From first-hand experience, QRS High
School students have multiple resources at their discretion to help prepare for college: (a)
an advisory teacher who stays with a student all four years, with each teacher having
between 13 and 18 students, (b) a guidance counselor, (¢) individual teachers, and (d) a
program added in 2011 involving a college and career advisor for some low-income
school districts in the state. There are resources at this high school. However, students
need to take advantage of these resources in an effort to prepare for life after high school.

When students are not prepared, they must take remedial courses once in college
to bring themselves up to the academic standards of the institution and to the level of
students who are prepared. Students must seize any educational opportunities available
to them (Datnow et al., 2010). This statement reiterates the need for students to prepare
themselves now for the transition to college and their future career. College preparatory

classes are available at QRS High School, but students must take the initiative to help
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themselves prepare for college. Likewise, teachers must take the initiative to increase
expectations in the classroom.

Articulation agreements. Many students at QRS High School will transition
from high school to a 2-year community or technical college or a 4-year university. To
help with this shift, Burton and Frazier (2012) recommended vertical articulation K-12,
King and West (2009) suggested articulation agreements between high schools and
community colleges, and Montague (2012) advocated articulation agreements between 2-
year colleges and 4-year universities. Articulation agreements are, in a sense, the
comparison of curriculums. Moreover, articulation agreements are one response in the
solution to create a workforce in the United States that can be internationally competitive
(ACT, 2011f). King and West examined articulation agreements and found that they can
reduce the amount of time it takes employers to train new workers. This reduction in
time could be due in part because the agreements can reduce the redundancy of
coursework, drop the amount of time needed to earn a degree, and increase the quality of
time spent in a classroom during high school and college (King & West, 2009).
Additionally, articulation agreements could permit QRS High School and the local
college faculty to work collectively to not only strengthen their relationships but also to
provide advantageous connections, such as earning college credit during high school for
course work (King & West, 2009; Montague, 2012). Articulation agreements can be
beneficial for both high schools and colleges.

Communication between high school instructors and college professors could

assist teachers in realizing there is a major discrepancy between the perceptions of high
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school and college teachers in terms of college readiness. ACT (2009a) conducted a
study showing a discrepancy in the views of teachers. High school instructors
consistently believe they have prepared their students for college. In some cases, that
number is greater than 90%. The corresponding postsecondary professors have opposite
feelings. Typically, fewer than 30% of professors believe students come to college
prepared. For example, Jensen and Moore (2008) noted grade inflation takes place in
high school, thus yielding students who are underprepared for the rigors college.
Similarly, Schombert (2010) reported grade inflation in introductory astronomy due to
deficient skills. Jensen and Moore (2008) recommended collaboration between high
school teachers and college professors so they could work together to produce a high
school curriculum that prepares students for their college science courses. According to
ACT benchmarks and college readiness standards, taking the ACT allows students to
assess if they are ready for the postsecondary education system (ACT 2008, 2010a,
2010b). Furthermore, an articulation agreement between QRS High School and the local
community college could act as one assessment of the science curriculum and help bridge
discrepancies.

Tests such as the ACT or SAT, coupled with a high school GPA, can have a
major impact in the admission of a student to a college or university. Higher learning
facilities use scores to assess the possible future academic success of potential students
(ACT, 2008, 2010a, 2010b; Sawyer, 2010). Colleges use a combination of an ACT
composite score and high school grade point average (GPA) with the expectation of

providing an accurate account of a student’s expected academic achievement in his or her
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first year of college (ACT 2008, 2009, 2012). Knowing this information, increasing

science skills at QRS High School is essential so students can meet college readiness
standards while simultaneously preparing for postsecondary education. Articulation
agreements between local high schools and colleges could help increase the attainment of
science skills. This would be a suitable way to increase preparedness for college.

The science department at QRS High School must find a way to implement a
constructive reform to the curriculum to enhance student achievement, so students obtain
the science skills they are lacking. A paradigm such as the one presented, as well as the
addition to professional literature on the use of inquiry in the classroom, provides a
parameter to affect social change.

Implications

Science skill achievement is fundamental for students to be successful in the
educational system and their future careers. For QRS High School, the school has been
trailing the state and nation in terms of scientific achievement. Despite the struggles
occurring in QRS School District, the school must be proactive and produce an ambitious
strategy to improve science scores (Simpson, 2009), and the school district needs to
create a specific set of educational goals for science students, kindergarten through 12th
grade (Bolden, 2012), starting at the high school. The district can use state and national
standards to set goals for each grade level. Based upon results from the data collected,
the science department can determine classroom level factors that may be hindering the
attainment of science skills. From this information, the department can decide possible

directions for curriculum revisions. Using inquiry based strategies, such as those
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mentioned in the National Science Education Standards (National Research Council,
1996) definition and the results from collected data, the envisioned project for this study
was an evaluation report for the school district to aid in the production of a new viable
curriculum for each of the science courses at the high school. Future work could include
the entire QRS School District’s science program. Teachers can use the concepts and
skills assessed during the ACT and strategically position them in applications employed
in the classroom to increase science skills and achievement.

Summary

QRS High School must be proactive to increase the science skills base of
students. Many children in this rural Midwestern town do not come from affluent
families. Children living in poverty in the county rose 6.4% in just 8 years (Office of
Social and Economic Data Analysis, 2011). While background data showed only a small
number of students from QRS High School are prepared to take science in college (ACT,
2011a, 2011b), there is potential to increase this number. Students must have the self-
discipline and dedication to prepare for college or the workforce so they have the skills to
come back as change agents to help alter the dynamics of the town.

Research into the local achievement gap of science skills revealed pertinent
information to assist in the alleviation of this particular issue. The research revealed the
following: (a) testing and assessment concerns in science, such as teaching to a state test
instead of utilizing a smaller number of concepts and assessing those concepts through
various techniques; (b) local, state, national, and international competitiveness to succeed

in science; (c) ideals of great theorists could help improve science skills; (d) creating a
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possible inquiry based curriculum would be beneficial and; (e) alternative classroom
methods, increased rigor of coursework, and collaboration within the department and
with the local college could each prove to be advantageous for scientific achievement.
Each of these items assists in providing a comprehensive action plan to increase science
skills at QRS High School through a proactive approach.

Section 2 of this project study discusses the methodology. The section includes
such information as what type of research design is appropriate for a study, sample sizes,
protection of participants, and treatment of each participant with dignity. I conducted a
needs assessment of the science department’s curriculum at QRS High School and
created objectives, with benchmarks, to help guide the evaluation. The instrumentations
employed included the following: a review of previous students” ACT scores, a survey
given to the nine science teachers called the ISIS, a curriculum review of ACT science
college readiness standards from a curriculum review worksheets workbook, and an
interview. The treatment of participants throughout the study was in accordance with the
code of conduct for human participants. Other material presented in Section 2 includes
assumptions, limitations, scope, and delimitations of the study. Section 3 discusses the

actual project, and Section 4 reflects on the project and draws conclusions.
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Section 2: The Methodology

Introduction

This section addresses the use of an explanatory mixed methods program
evaluation. The section contains multiple segments clarifying the description and
justification of a mixed methods program evaluation, the use of an explanatory mixed
methods design, the types of data collected, the rationale of employing an objectives
based program evaluation, the overall evaluation goals, the setting and sample, data
sequence, data analysis description, findings, the protection of participants, and the
limitations of the evaluation.

The methodology section details quantitative and qualitative data collection and
the analysis of data in QRS High School. A sequential explanatory mixed methods
program evaluation helped determine deficient areas in the current science curriculum.
The mixing of data in a sequential explanatory mixed methods design occurs after
analysis of quantitative data as it advises the path of qualitative data (Creswell, 2008,
2009; Fetters, Curry, & Creswell, 2013; Lodico et al.,2013; Yoshikawa, Weisner, Kalil,
& Way, 2013). Accordingly, quantitative data were collected in Phase 1. Phase 1 data
included ACT background statistics from 2007 to 2011, presenting school, state, and
national level data (no individual student records); individual past student ACT scores
from 2008 to 2013; a curriculum check of ACT science college readiness standards,
which are skills assessed by the ACT; and 22 classroom-level inquiry based practices in
science as measured on the ISIS. Phase 2 data, the qualitative component consisted of

individual interviews. According to Creswell (2009) and Fetters et al. (2013), interviews
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help interpret the quantitative data. Additionally, Yin (2011) stated that qualitative

research helps provide an individual’s perspective in to research.
Mixed Methods Justification

The design of this study involved mixed methods research. Mixed methods allow
a researcher to use quantitative and qualitative data, providing both answers and
understanding for research questions (Fetters et al., 2013; Ivankova, Creswell, & Stick,
2006). In particular, this study utilized an explanatory design in which Phase 1 data
collection took place first and then Phase 2 data collection (Lodico et al., 2010;
Yoshikawa et al., 2013). The advantage of this research approach to determine the
impact of the science curriculum in QRS High School remained with the ability to not
only report deficiencies in the science curriculum but also to describe teachers’ viewpoint
of those deficiencies. For instance, Lodico et al. (2010) and Yoshikawa et al. (2013) both
discussed mixed methods research as an approach combining the strengths of quantitative
and qualitative research, providing an effective case through both measurement and a
detailed account.

Phase 1: Quantitative methodology. During this needs assessment, I employed
explanatory quantitative research. This research method is useful when attempting to
determine connections between variables (Chen, 2012). The explanatory research design
that this study applied examined the comparison of variables (Creswell, 2008; Pickard,
2013). The problem of this study was the lack of science skills. However, there was no
identification of a cause (Chen, 2012). The first research question was seeking the

variance of the proportions between science ACT scores and science college readiness
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standards taught in the classroom. For example, will an average score of 20 indicate that
the average score range taught at QRS High School is the 20-23 range? Essentially, ACT
scores should be similar to the score range of college readiness standards taught in
science classrooms. The second research question was looking for the variance of the
proportions between ACT scores and scientific inquiry. This was an attempt to determine
any inconsistencies between inquiry usage and the ACT data. For the second research
question, low ACT scores should equate to less science inquiry in the classroom. The
advantage of explanatory research is the identification of a connection. More
specifically, the use of #-tests and bivariate tests allowed for the comparison of the means
and provided statistical inference for the Phase 1 data (Chen, 2012).

Phase 2: Qualitative Methodology. For Phase 2 of the evaluation, I utilized
qualitative measures to understand Phase 1 data. Qualitative measures provide
subjective, yet critical, meaning to a study (Hesse-Biber, 2010; Merriam, 2009).
Quantitative research alone could not provide insight into the problem of this study, low
science skill acquisition. Therefore, this study asked for the science teachers’
perspectives concerning inquiry science and issues within the department that may be
hindering skill acquisition. Case study research is deemed appropriate for program
evaluations, and it provides the opportunity to develop an understanding of a single unit,
or group (Lodico et al., 2010; Merriam, 2009). Case study permitted coverage of
contextual conditions and provided the view of the participants (Yin, 2011) from their
natural school setting. While other research designs were plausible, this study did not

need life experiences such as those presented in phenomenological studies, the cultural
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perspective of ethnographic research, or the depth of description found in narrative
research (Lodico et al., 2010; Yin, 2011). Furthermore, according to Lodico et al. (2010),
case studies are interpretive research in which personal experiences can assist by
providing meaning while investigating a process; Hesse-Biber (2010) stated the strong
connection between researcher and participants through the practice of empathy, which
provided an in-depth perspective of the lack of science skill acquisition in this study.
Program Evaluation

In an effort to demonstrate an inconsistency within QRS High School, this project
study involved conducting a program evaluation. The justification is that an evaluation
has a specific purpose, or outcome to improve, or change, a program quickly and (Lodico
et al., 2010). In this project study, the purpose of the program evaluation was to assess
the effectiveness of the science curriculum in QRS High School. Researchers use
program evaluation to make decisions regarding the future of a program, whereas
applied research is for the expansion of knowledge for professionals in that field of study
(Creswell, 2008; Mertens, & Hesse-Biber, 2013; Spaulding, 2008). Future decisions in
this instance involve possible alterations in the science curriculum to improve potential
students’ science skills base. Any alterations in the curriculum would result from the
science department working to assess whether the curriculum and practices align with
desired outcomes. Data collected during the program evaluation worked cohesively to
create a comprehensive action plan to help decide which instructional strategies to use in
the classroom, which factors are hindering success, and what will help increase scientific

skills at QRS High School.
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With a research problem such as the achievement gap for science skills, an
explanatory mixed methods program evaluation was the most suitable choice for this
project study. I collected past student ACT data, gave a curriculum review worksheet to
each teacher in the science department, and gave a survey to determine classroom-level
factors that have an influence on the acquisition of science skills. Then, I analyzed the
data. After the quantitative data analysis, I conducted electronic interviews to determine
how the science teachers describe their impact on student acquisition of science skills.
The results of the data assisted in providing recommendations to help increase the science
skills acquired in QRS High School.

Needs assessment. At the start of this study, the high school had a science
curriculum in place. However, background data revealed a gap in practice within the
school. Therefore, I conducted an objective-based program evaluation, specifically a
needs assessment, of the science curriculum for deficiencies in the use of inquiry
techniques and ACT assessment skills. A needs assessment estimates deficiencies in a
program (Royse, Badger, & Staton-Tindall, 2009) that are relevant to the needs of the
organization at that time (National Oceanic and Atmospheric Administration [NOAA]
Coastal Services Center, 2013). Furthermore, the findings of a needs assessment cannot
be generalized but are generally applicable at the community level (Altschuld, & Kumar,
2010; Royse et al., 2009). The NOAA (2013) discussed a 12-step process for conducting
a needs assessment and Royse et al. (2009) categorizes the program evaluation process
into three phases: pre-assessment, assessment, and post-assessment. Figure 1 provides a

visual of the itemization of the three stages within the 12-step process.
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Figure 1. Ttemization of a three stage, 12-step program assessment

Organizations utilize needs assessments when, as reported by multiple researchers (i.e.,
Altschuld & Kumar, 2010; Mertens & Wilson, 2012; NOAA, 2013; Royse et al., 2009),
company efforts can fill the need and when the evaluator is in the beginning stages of the
planning process. In this study, the need was an effective science curriculum: a
curriculum that prepares high school students for the next phase of their lives.

Objectives for the needs assessment. During a needs assessment, the evaluator
must identify clear goals and objectives. Therefore, written objectives consisting of each
ACT science college readiness standard (see Appendix C and Appendix D) helped guide

the science department, and specific benchmarks provided future quantifiable goals for
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teachers to use in their classes (Lodico et al., 2006, 2010; Patel, 2010; Spaulding, 2008).

The overall goal was to assess the effectiveness of the science curriculum at QRS High
School.

During the pre-assessment phase of a needs assessment, evaluators may develop a
matrix (Lodico et al., 2010), or gates (Royse et al., 2009) to organize information. The
matrix for this project study provides such information as the general program objectives

and types of evaluations used. Table 2 provides this information.
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Evaluation Matrix for QRS High School Science Teachers
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Overall Program Evaluation = Type of Timeline for
Objective Stakeholder Group Tool Data Data Collection
Document past

high school Student Occurs before
students science Teachers: grades 9-12 data the curriculum
ACT scores. Principal records Summative  evaluation
Document Science

College Readiness

Standards that are Students: grades 9-12 Occurs
taught in each Parents during the
science course at  Teachers: grades 9-12  Teacher curriculum
QRS High School  Principal survey Summative  evaluation
Document the

frequency QRS

High School

science teachers Students: grades 9-12

expose their Parents Occurs after
students to Teachers: grades 9-12  Teacher the curriculum
scientific inquiry Principal survey Summative  evaluation
Document

individual teacher

perspectives

regarding their Occurs after
impact on student the analysis
acquisition of of

science skills at Teachers: grades 9-12 Teacher quantitative
QRS High School  Principal interviews  Summative  data

Note. Adapted from Methods in educational research: from theory to practice (p. 376), by M. G. Lodico,

D. T. Spaulding, and K. H. Voegtle, 2006, San Francisco, CA: Jossey-Bass.
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One of the steps in a needs assessment is to create objectives and corresponding
benchmarks, or goals, (Altschuld & Kumar, 2010; NOAA, 2013) which help guide future
data collections and changes to a program (Lodico et al., 2010). This evaluation included
the following overall program objectives and benchmarks as they relate to the
achievement of science students.

1. Program objective: Document past high school science students’ science ACT
scores.

Benchmark: not necessary, as this was past student data.

2. Program objective: Document science college readiness standards taught in
each science course at QRS High School.

Benchmark: QRS High School will make necessary changes in the science
curriculum to cover all Science College Readiness Standards in score range indicators 13-
15, 16-19, and 20-23 as, according to ACT (2013), a score of 23 on the science portion of
the ACT is the college readiness benchmark. The QRS High School science department
will also increase coverage of readiness standards in score range indicators 24-27, 28-32,
and 33-36 as deemed appropriate by the department.

3. Program objective: Document the extent to which science teachers at QRS
High School expose their students to scientific inquiry.

Benchmark: QRS High School will make necessary changes in the classroom to
increase the frequency that teachers apply scientific inquiry in the classroom; future

surveys can document the success of this benchmark.
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4. Program objective: Document individual teacher perspectives regarding their
impact on student acquisition of science skills.

Benchmark: not necessary.
The design of the program objectives and benchmarks was to be proactive within the
department and anticipate desired change.

Setting and Sample/Participants

ACT Data

The population for ACT data retrieval entailed all previous students from QRS
High School between the 2008-2009 school year (this was the first year of the computer
system) and the 2012-2013 school year. Nonprobability sampling was appropriate in this
study, as an in-depth look into past ACT data at QRS High School was desired and the
data did not need to generalize to the entire population (Creswell, 2008; Martin &
Bridgmon, 2012). I utilized a convenience sample (Lodico, et al., 2010) consisting of
any former student who had ACT data in the QRS High School computer system. The
specific sample number included 469 students. However, there were 1,339 students in
the population and 850 in the possible sample records. The possible sample number
included students taking the ACT multiple times so duplicates were deleted. Using a
power analysis by Lenth (2009), the sample size needed to be at least 297 students with a
population of 1,300, a confidence level of 95%, and a confidence interval of +-5. This

number rose to 586 when the confidence interval was +-3.
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Teacher Data
Participants in the program evaluation consisted of educators who teach science at
QRS High School. There were nine possible participants, with a median age of 42.8
years. Six teachers were regular education teachers and three were special-education
teachers. In respect to the sample size and population for the program evaluation portion
of this study, Table 3 displays descriptive data.
Table 3

Descriptive Data of Participants

Gender Age
Female 38
Female 41
Male 33
Female 63
Female 22
Female 35
Male 54
Female 48
Female 51

Note. All participants were science teachers in the same high school.

The teacher sample for this study was from a larger population of all teachers in QRS
School District in which there is only one high school. The sample group was a
convenience sample because only a natural, easily accessible, group was available
(Mertens & Wilson, 2012). I did not randomly select the science teachers. Rather, they

were a cohort in the high school, and this study involved science skills. The sample size
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of nine was acceptable in this case because “the study must be of adequate size, relative
to the goals of the study” (Lenth, 2001, p. 187), which was to document the goals listed
in Table 2 for only QRS High School. Furthermore, many researchers may choose to
study a single unit, such as an organization (Yin, 2011) or a portion of the organization,
as with this study, thereby limiting the number of participants to those available. More
specifically, a needs assessment cannot be generalized, but the results are generally
applicable for the local community (Altschuld, & Kumar, 2010; NOAA, 2013; and Royse
et al., 2009). Furthermore, I did not expect the qualitative research of the study to
generalize to a larger population (Lodico et al., 2010). Because this sample contained
human subjects, I was obligated, as discussed by Fink (2009), to maintain the following:
a proper code of ethics, the privacy of the participants, and confidentiality according to
federal code.
Instrumentation and Materials

Data Collection

The data collection and subsequent analysis for this project study stemmed from
the research questions. There were three research questions for this project study. The
first two research questions were quantitative and the third question was qualitative. The
first research question was seeking the variance of the proportions between science ACT
scores and the science college readiness standards taught in the classroom. The second
research question was looking for the variance of the proportions between ACT scores
and scientific inquiry. The third research question concerned the viewpoints of science

teachers at QRS High School. The Phase 1 and Phase 2 data collections and the analysis
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worked collectively to produce results. The advantage of an explanatory mixed methods
design was having clearly defined quantitative and qualitative segments providing the
ability to choose the level of interaction between the segments (Creswell, 2008). The
integration of data could be through the supportive nature of the qualitative interview
through which, according to Creswell (2008) and Yoshikawa et al. (2013), understanding
of the quantitative data occurs.

The use of an explanatory mixed methods design allowed for the integration of
data into the deficiencies in the science curriculum by utilizing the following resources:
(a) previous students’ ACT records from 2008-2013, (b) ACT science college readiness
standards from the curriculum review worksheets workbook, (c) the ISIS, (d) a copy of
each science course’s curriculum (for teachers to examine their own curriculums), (e)
copies of the instrumentations for each science teacher to answer the questions, (f) a
computer to log data, (g) the SPSS analysis program, and (h) a set of interview questions.
The needs assessment in this project study involved the examination of the science
curriculum to determine deficient areas at QRS High School as it pertained to scientific
skills.

Phase 1: Quantitative Instruments

ACT archival data. One portion of data collection for this program evaluation
consisted of compiling science ACT scores for past graduates from 2008 to 2013. During
the archival data collection, which was through the high school software program, I
physically looked at each file and entered each student’s science ACT scores. [ knew it

was essential to have a procedure in place when looking through each file. However,



52

research failed to produce a preferred method therefore I created my own, two-tiered,
system to eliminate entries for students who took the ACT multiple times or obtained the
same composite score. The system to eliminate duplicates included taking the highest
composite score first and then taking the latest date (December versus October) if the
student had multiple identical composite scores. The reasoning behind taking the later
date involved the inference that the student should have covered more ACT topics, but
also to be consistent so that [ was not looking at individual science scores. This
procedure reduced research bias to make the science scores appear higher. Furthermore,
if all entries were included in the data, the data would not be a true representation of
individual student scores, for the mean could have been higher or lower depending on the
scores of any deleted entries. After completing this two-tiered system, there were 469
entries for analysis: 251 females and 218 males (See Appendix F). To ensure data were
exhaustive, I also entered each student’s gender and his or her math, reading, English,
and composite scores.

In terms of the validity of the ACT and concepts assessed in science (discussed in
Section 1), the ACT has been widely accepted for more than 50 years. Students have 35
minutes to answer 40 questions. In addition to concepts addressed from a research
perspective, studies conducted by ACT (2008) and Furgol, Fina, and Welch (2011)
supported the validity of ACT scores and the scores as a reliable source to predict college
readiness, college enrollment status, academic proficiency, and first-year college success.

Curriculum review. The title of the curriculum review for each course is the

Curriculum review worksheets workbook: ACT science college readiness standards (see
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Appendix D). The purpose of the worksheets is to act as a guide while inspecting a
school’s curriculum to determine compatibility with items assessed during the ACT
(ACT, 2006). The workbook consists of a series of 47 standards covered during the
science ACT, and the standards are distributed for score ranges including 13-15, 16-19,
20-23, 24-27, 28-32, and 33-36. For each of the 47 standards, there were three questions
to answer:

1. Is the standard included in the science curriculum?

2. What course first introduces the standard?

3. In what course should the students be proficient at the standard? (ACT,
2006).

Every teacher had the curriculum review worksheets to complete for each course
taught, and approximate time to complete was 30 minutes per course (raw data appears in
Appendix E). By having each teacher complete the worksheets, the science department
could determine deficiencies, in terms of college readiness standards, within the
curriculum. Having data for each course allowed for not only comparisons between
science courses but also within an individual course taught by multiple teachers. For
example, biology is a course taught by multiple science teachers. Having each teacher
fill out the curriculum review permitted a comparison of which standards each instructor
teaches. If the data revealed that one teacher is not covering a standard that other
teachers are covering in class, that instructor can make appropriate adjustments to his or

her curriculum. Completing the worksheets, according to ACT (2006), would help the
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science department focus on instructional needs, identify instructional goals, and compare
curriculum content and expectations (p. 1).

Inquiry science implementation scale (ISIS). The title of the survey is the ISIS.
The purpose of this survey is to examine inquiry based science programs. This study
reviewed the implementation of inquiry based skills (Brandon et al., 2009). The survey
consists of 22 inquiry-related questions (see Appendix G and Appendix H) to determine
the implementation, and frequency, of inquiry techniques by science teachers in the
classroom. QRS High School can use the results to identify items that help or hinder the
amount of inquiry applied in science classrooms (Brandon et al., 2009). The results
facilitated the direction of the needs assessment.

Participants needed between 10 to 15 minutes to complete the survey. All survey
items used a typical Likert-type 5-point scale: (1) A/most Never, (2) Seldom, (3)
Sometimes, (4) Often, and (5) Almost Always. The high school can use the results to
determine the frequency of inquiry science usage (raw data appears in Appendix I).
Scores ranging mostly at 1 or 2 indicate an opportunity for improvement (Brandon et al.,
2009). The intended application of the findings for this project study is to provide QRS
High School with data during the introduction phase of the ISIS. To address content
validity concerns, Brandon et al. (2009) worked for several months with colleagues
considered experts in creating models of inquiry science. The researchers conducted
pilot tests, had an advisory board, and conducted a test-retest study. The result was the
ISIS coupled with a five-item log (only to collect validity data for the study) for science

teachers to complete after each inquiry based lesson. The mean was 3.8 (SD = 3.4; range
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= 16) and the coefficient o for the five-item log was 0.72. As a further measure for
validity, Brandon et al., calculated the correlation between the five-item log. The
correlation was 0.63 (significant at the 0.01 level). Reliability measures included test-
retest and internal consistency. For the 111 participants who completed the ISIS twice,
the Cronbach’s alpha after the first administration was 0.87 and 0.89 after the second
round (Brandon et al., 2009), demonstrating the reliability of the ISIS. Overall, the ISIS
provides a quantitative measure for classroom-level scientific inquiry implementation.
Phase 2: Qualitative Sequence

In accordance with a sequential mixed methods explanatory design, |
conducted the Phase 2 data collection consisting of interviews with each of the
science teachers after the analysis of Phase 1 data. The interview consisted of
nine questions (see Appendix J and Appendix K), with an estimated completion
time of 10-30 minutes as it was an electronic interview. I chose an electronic
format for the interview, as it would give participants flexibility to answer the
questions at their convenience and would eliminate irrelevant conversations
(Patel, 2010). Qualitative data is interpretive, using inductive methods to provide
concrete understanding of the data (Yin 2011) through the voice of participants.

Data Analysis

Phase 1: Quantitative Analysis

The data collection for Phase 1 consisted of archival ACT data, a 47-item ACT
workbook, and a 22-item ISIS. The ISIS used a 5-point Likert scale, which is a quasi-

interval scale according to Chen (2012) and Pickard (2013). Sherwood (2010) utilized
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staff surveys to gather input for a program evaluation. Surveys are useful during program
evaluations and other policy decisions if the information needed should come from
participants (Fink, 2009). As such, I asked participants to complete the survey and
workbook review. I emailed the consent form to participants, and included links to
submit answers for each instrument anonymously through a website called Survey
Monkey. I asked each teacher to examine his or her course(s) to check for the inclusion
of inquiry techniques and the standards assessed during the ACT. Concurrent with
teacher participants completing this data, I input the archival ACT data into a data
analysis program, SPSS. Then, once the participants returned the completed survey and
workbook, I added the ACT workbook data and the ISIS data to the analysis program. I
obtained a factor analysis and descriptive statistics based on numbers such as general
tendencies and the range of scores for all three sets of data (Creswell, 2008). Additional
data analysis of the individual data sets included a one-sample ¢ test to evaluate the
variance between data sets (IBM, 2012). 1 used a constant, or test value, for each data
set, to represent a neutral point. The typical neutral point is 70% (IBM, 2012). However,
I chose a 60% proportion as the neutral point because that is the college readiness
standard percentage, 23 out of a 36. The neutral point numbers equated to 23 for ACT
scores, 3.0 for the ISIS, and 28 for the ACT workbook. In essence, the analysis
determined if participants scored higher than a 60% proportion on each respective scale.
To describe the science standards, numbers from 1 to 6 indicated the score range.
Numbers from 1 to 5 indicated the ISIS data score. A numerical value indicated the

science ACT score. The scale applied numbers such as 19, 20, and 21. Additionally, I
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completed a binomial test for each data set to evaluate the proportions (IBM, 2012). 1
conducted a simplified gap analysis of the ACT workbook data. Essentially, the analysis
of the ACT workbook determined deficient standards--standards not in the science
curriculum. Determining the proportions through one-sample # tests and binomial tests,
and completing the gap analysis, provided a strong foundation for making
recommendations of what content specific areas to address.

Archival ACT data analysis. I entered Archival ACT data in the statistical
program SPSS (IBM, 2012). Descriptive statistics revealed a mean science average
slightly higher than the composite score, 0.111, with the median and mode showing no
variation (see Table 4). Once descriptive statistics defined ACT data, a one-sample # test
was computed.

Table 4

Descriptive Statistics for Archival ACT Data

ACT ACT Composite
ACT English Mathematics ACT Reading ACT Science Score
Mean 20.640 20.633 21.704 21.337 21.226
Median 21.000 20.000 21.000 21.000 21.000
Mode 20.0 17.0 21.0 20.0 20.0

Note. N =469.

I conducted the additional analysis of a one-sample ¢ test (see Table 5; output data can be
found in Appendix M) on ACT scores to evaluate the mean of the test variable, ACT
scores at QRS High School, for a significant difference from the constant, the ACT

science readiness standard of 23, set by ACT (IBM, 2012).
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Table 5

One Sample Statistics for Science and Composite ACT Scores

Mean Std. Deviation Std. Error Mean

ACTScience 21.337  4.1445 1914
ACTCompositeScore 21.226 4.2144 .1946
Note. N =469.

The sample mean of 21.34 (SD = 4.14) was significantly different from 23, #468)
=-8.69, p =.00. The 95% confidence interval mean for the science ACT scores
ranged from 20.96 to 21.71. Therefore, the ACT test population at QRS High
School has scores that are slightly below the science college readiness standards
set forth by ACT.

A supplementary analysis of ACT scores by gender showed males scored slightly
higher in science and on the composite scores. The frequency numbers indicate a mode
of 21 for males, 35 students, and 20 for females, 44 students. The median was 22 for
males and 20 for females. Numbers for the composite score are similar, in which the
median is 21 for both males and females. However, these numbers are below the ACT
college readiness standard in science (ACT, 2012). A visual representation of this
information can be found in Appendix M. Furthermore, frequency data verified that
63.1% of all students did not meet the college readiness standard in science. In addition
to this data, 73.8% of the students scored a 23 or less on the composite score.

ACT workbook data analysis. The original ACT workbook data participants
completed contained the 47 items assessed during the ACT (ACT, 2006). The

participants were asked to fill out the survey for each course taught (raw data can be
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found in Appendix E). There were three sub-questions per item. A data table showing
the percentage for individual course data, found in Appendix M, provides an abridged
version for the percentage of ACT items participants cover in each score category. For
instance, a participant who covers 44.4% of the 20-23 score category incorporates four of
the nine items in his or her curriculum. The ACT workbook data illustrated a significant
decline in coverage between the 20-23 and 24-28 score categories. ACT workbook data
also revealed an inconsistency within courses taught by multiple teachers. More
specifically, physical science courses do not cover the same assessed items in five of the
six score categories; in the top four score categories there is as much as a 55 to 87.5%
difference. Biology courses experience the same variation in coverage, although
consistency begins to diminish at the 24-27 score category.

Table 6

One Sample Statistics for ACT Workbook Standards

N Sig. (2-tailed) Mean Std. Deviation  Std. Error Mean

ACT
Standards 17 .788 27.3529  9.73358 2.36074
Note. Some teachers have multiple courses. There are 47 standards total.

Once descriptive statistics (Table 6) identified the average number of standards
covered in the science curriculum, a one-sample ¢ test evaluated the mean of the test
variable for a significant difference from the constant. The mean was the number of
standards included in the science curriculum, 27 standards, at QRS High School and the
constant was 28 standards, approximately 60% of the standards (IBM, 2012). Output
data can be found in Appendix M. The sample mean of 27.35 (SD = 9.73) was not

significantly different from 28, #(16) =-2.74, p = .788. The 95% confidence interval
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mean for ACT standard usage ranged from 22.35 to 32.39. This indicates that the science
teachers at QRS High School do not score significantly different from covering 60% of
the standards covered on the ACT, meaning the teachers are teaching approximately 60%
of the 47 standards.

ISIS data analysis. ISIS provided data entailing science teachers’ inquiry usage
in the classroom. Data were recorded in to SPSS (IBM, 2012). Descriptive statistics
revealed a mean of 3.6 on a 5-point scale (see Appendix M). This indicates an average
level of inquiry usage in the school’s science classrooms (Brandon et al., 2009).
Additional analysis of descriptive statistics (see Appendix M) revealed an average
variance of .17 and a standard deviation of .41. The skewness was negatively distributed,
-.59, signifying the majority of scores fall at the higher end of the 5-point scale.
Frequency data determined (see Figure 2) 44% of the teachers at QRS High School are
using inquiry sometimes to often, which equates to anywhere from the low end of a 3,

30%, to the high end of a 4, 74%, on the 5-point scale.
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Histogram
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Figure 2. Histogram showing teacher average frequency of inquiry usage on a 5-point scale. Note. N = 9.
After descriptive and frequency statistics identified the average level of inquiry
usage on the ISIS scale, 3.6 out of 5, a one-sample 7 test evaluated the mean of the test
variable, inquiry usage, for a significant difference from the constant, 3.0 (60%, or a
score of 66 out of 110 for individuals) on the ISIS scale (IBM, 2012). The output data
can be found in Appendix M. The sample mean of 3.61 (SD = .41) was significantly
different from 3.0, #8) = 4.50, p = .00. The 95% confidence interval mean for ISIS
inquiry usage ranged from 3.30 to 3.92. This indicates that the science teachers at QRS
High School have scores where they include at least 60% of the inquiry methods on the
ISIS, thus, according to Brandon et al. (2009), improvement is not required.
Phase 2: Qualitative Analysis
As stated earlier, I employed case study research for the analysis of Phase 2 data.

I wanted to examine a contemporary single unit without controlling the behavior of the
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participants or altering the materials, which were the interview questions (Yin, 2014).
The Phase 2 data for this study consisted of interviewing each participant (see Appendix
K). Once each participant returned the electronic interview anonymously through Survey
Monkey, I followed a similar procedure as Yin (2011) for the analysis of qualitative data,
which includes compiling, disassembling, reassembling, interpreting, and then
concluding. Case study research was suitable because the high school science teachers
are a unit and this study sought to gain insight within this group (Lodico et al, 2010;
Merriam, 2009; Yin, 2011, 2014). I compiled Phase 2 data that paralleled Phase 1 data
(Yin, 2011) in that the data provided understanding as to why the science teachers may
not be employing all inquiry concepts and ACT standards in the classroom. Once I
compiled data, I disassembled the data by obtaining a perception of both individual and
the group’s answers and then reassembled the data using an array design which refines
the data to look for descriptions and major themes (Yin, 2011). The next step was to
interpret and layer the themes to produce conclusions, and a call for action (Yin, 2011).
Detailed descriptions of the data provided understanding and, in this case, involved an
inquiry in to the educational process at QRS High School (Lodico et al., 2010). The
descriptions and documentation of data provided transparency to the study so others may
read and understand (Yin, 2011). Although credibility of the interviews through member
checking, asking each participant to establish the accuracy of the outcomes (Creswell,
2008; Merriam, 2009), is still valuable when participants answer electronically, I chose to
forgo member checking to maintain complete anonymity. Dependability, which parallels

reliability, was met through the ability to track the data collection and analysis from the
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interview, initial analysis, coding, development, and layering of the themes providing
detailed accounts (Lodico et al. 2010). Adherence to the evidence permits researchers to
base any conclusion, or a call for action, on the analyzed data (Yin, 2011; 2014).
Transferability in this research study refers to other small, rural high schools having the
ability to use the research, as judged by the other school. As such, it is important,
according to Lodico et al. (2010) and Yin (2011), to provide rich descriptions and
detailed accounts so other schools have the ability to make a suitable decision concerning
the use of this research.

Codes and themes. The interview questions (see Appendix K) allowed
participants to voice their opinions about scientific inquiry, as well as issues within the
science department. The format for the interview and the analysis followed a similar
protocol as suggested by Yin (2011) where data were collected, compiled, disassembled,
reassembled, and interpreted so conclusions could be generated. Due to the online nature
of the interviews, responses were already recorded and I did not need an ice-breaker
question. When all participants completed the interview, I read each one. Next, I
organized the data by interview question so I could view all responses to individual
questions simultaneously. There were nine questions with eight responses to each
question. After organizing the data, I read through all answers to obtain an initial
perception. My preliminary view was that the science teachers have a straightforward
sense of inquiry but slightly different visions on what teachers and students need to know
for effective inquiry lessons, which is not necessarily negative but does provide

understanding as to why teachers of the same subject, i.e. physical science or biology, are
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not teaching the same inquiry concepts and ACT standards. As for issues within the
department, limitations out of the department’s control surface more often than not.
These issues could inhibit collaboration time to correct discrepancies within the
department.

Subsequent to my initial insight, I began the disassembling process through the
voice of the participants (Yin, 2011). I highlighted repetitive words and made marginal
comments while reading the responses to each question. I produced six codes from the
nine questions: definition, effectiveness, knowledge, application, issues, and solutions.
The first four codes involved scientific inquiry and the last two codes detailed setbacks
within the department. While coding, I produced the following themes (listed in Table 7)

for each interview question. See Appendix L for the expanded list.
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Table 7

Interview Question Themes

Question Theme

1 active student learning

2 application of skills

3 structured lesson that appears unstructured

4 student application

5 time

6 time and money

7 collective external hindrance

8 collective internal solutions

9 impending opportunities
Note. N = 8.

Assumptions

I made assumptions in regards to methodology, background data, quantitative
measures, and qualitative measures. Presumed assumptions in the mixed methods
methodology included the following: Phase 1 data emphasize objectivity and Phase 2
data provide an understanding of the research questions (Hesse-Biber, 2010; Mertens &
Hesse-Biber, 2013). Presumed information about all ACT background and archival data
in this study included that (a) all QRS High School students took the ACT in the same
testing center, (b) all students had the same testing materials when each took the ACT
(i.e. pencils, calculators), (c) all students took the ACT during their senior year or for a
final time during their senior year of high school, (d) all students understood the

directions, and (e) all students made their best effort. In reference to the ISIS survey
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items and ACT workbook items, assumptions included the following: all teachers
answered honestly and understood the directions, the ISIS accurately measures inquiry
science implementation (Brandon et al. 2009), and the ACT workbook accurately
measures the College Readiness Standards covered during the ACT (ACT, 20006).
Concerning qualitative interview questions, assumptions included that all teachers
answered honestly and understood the questions.
Limitations

This project study took place in a small rural school district in the Midwest. The
study was limited to the number of past graduates who took the ACT between the 2008-
2009 school year and the 2012-2013 school year and the number of high school science
teachers in the district. As such, the findings of the study can only generalize within the
study district (Patel, 2010; Royse et al., 2009). I conducted this study as an internal
evaluator, and I have a professional relationship with each of the science teachers in the
high school (Mertens & Hesse-Biber, 2013). The teachers may have felt the need to alter
results so as not to hurt anyone’s feelings or so there were no negative outcomes.
Likewise, the teachers may not have understood every item on the survey or the
workbook and recorded a false answer. Additionally, the teachers may have chosen not
to answer one or more of the interview questions. There was also a lack of baseline data
for science skill achievement. I had to use 5-year archival ACT data trends to infer any
associations. The school in this study did not have any previous data to help determine

curricular needs.
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Scope and Delimitations

The scope and boundaries for this study involved one rural Midwestern town’s
high school science teachers. More specifically, this study provided a platform for grade
levels K-8 at one rural school district to revise their science curriculums utilizing the
instruments in this study. The district could use the ISIS at the lower grade levels to
include more inquiry (Brandon et al., 2009), while the ACT college readiness standard
workbook could be used in grades 6 through 8 in an effort to improve science
achievement (ACT, 2006). This study did not concentrate on such extraneous variables
(Lodico et al., 2010) as the following: why students do not acquire science skills, factors
other than science courses taken that affect a student’s science achievement, individual
teaching strategies, individual student abilities, and the amount of time each student
devotes to his or her studies.

Limitations of the Evaluation

Although this study consisted of a mixed methods program evaluation, there were
limitations of the evaluation. Limitations of this study consisted of the ability to
generalize results, a large ACT sample size coupled with a small teacher sample size, and
the quantitative instruments measuring different variables making it challenging to
produce correlation statistics between instruments. According to Altschuld and Kumar,
(2010) and Royse et al. (2009), studies involving a needs assessment cannot expect to
generalize to a larger population but may have the ability to transfer at the community
level. I was limited to the number of past students who took the ACT and by teachers in

the high school who teach science. ACT data measures performance, the ISIS measures
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the frequency of inquiry techniques applied by teachers, and the ACT curriculum review
measures the number of standards covered in the science curriculum. Although the
teacher sample size was small, Lenth (2001, 2009) supported placing the science of the
research before statistical numbers. Additionally, Martin and Bridgmon (2012) noted
that #-distributions can work with any sample size. The design of a needs assessment is
to identify deficiencies within a particular organization (NOAA, 2013; Royse et al.,
2009). In regards to the needs assessment itself, this evaluation was about the need to
initiate a program, not the effectiveness of the current curriculum.
Participants’ Rights

According to the National Institutes of Health [NIH] (2012), studies must take the
proper measures to protect participants. Therefore, I provided each participant with
information regarding the purpose and goals of the study to make an informed decision
about his or her participation. Additional material provided included the potential
personal, social, physical, psychological, and economic risks (such as feelings that may
arise upon the realization of what skills a teacher does not assess in a particular
classroom) of the study. I informed Participants they could renounce their participation
at any time during the study (Creswell, 2008, 2009; NIH, 2012). The most
straightforward procedure for gaining access to each of the participants was a direct
approach (Lodico et al, 2010). I have been a science teacher at QRS High School for 13
years. I do not hold an authoritative position over any participants but do have a
professional relationship with each one. Therefore, I presented the proposed study and

requested the participation of the science teachers during a science department meeting;
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discussed the study; provided consent forms for each teacher to view; and reinforced that
their answers would be anonymous, providing a high level of protection, as they would
submit their answers via Survey Monkey through which I had no way to identify
individual participants. Each of the teachers in this study received a consent form
through email (see Appendix N) to sign prior to any involvement on their part.
Additionally, any data collection must keep all ethical considerations in the forefront I
followed a similar procedure as mentioned by Creswell (2008, 2009) and Y oshikawa et
al. (2013) where I coded all data, with no identifying factors; kept the key separate from
any data; and maintained each participant’s rights throughout the study.
Role of the Researcher

The role and perspective of an evaluator is imperative when conducting research.
Being an internal evaluator, I already had an established a working relationship with each
participant and understood the dynamics of the setting (Lodico et al., 2010; Merriam,
2009). As such, I had to maintain adaptability in terms of possible experimenter bias--
unintentional effects due to personal attributes. To remove reactive effects as a result of
novelty, participants were not informed of the expected outcome of the study and the
study addressed past practices, not future practices (Lodico et al., 2010). While
maintaining a working relationship, I had to generate a research-based connection with
participants. To help establish this connection, each participant received a consent form.
The consent form defined the participant’s role in the project to help create a productive
research environment (Royse et al., 2009), allowing for a separation between work-

related and research-related relationships. There could have been issues of response bias
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in which the responses on the survey given do not necessarily reflect the sample or
population group (Creswell, 2008). The participants may not want their teaching to
appear inadequate to the researcher, thereby altering their answers to survey and
interview questions. However, the anonymous nature of the data should have alleviated
this issue. While my relationship with each of the teachers could have affected the
outcome of the data to produce positive results, this is not expected.

I had to perform a dual role in this study, for I teach four of the science courses
taught at the high school. Therefore, I had to answer the ACT workbook questions and
the ISIS survey. I electronically delivered, through email, each teacher the Phase 1
instruments and the Phase 2 questions. The email had a link to answer questions
anonymously. I was not with the teachers while they completed each instrument. I
analyzed the data and made recommendations based solely on the results. The
interpretive Phase 2 results were able to provide understanding for the Phase 1 results.

Findings
Phase 1: Quantitative Findings: Comparison between Data Sets

In the research questions of this study I wanted to examine the variance between
past student ACT scores and the number of ACT science standards or the amount of
scientific inquiry in the curriculum at QRS High School. The ACT measures scientific
inquiry concepts (ACT, 2013b), representing the importance of seeking a connection
between data sets. This process proved to be more of a challenge than anticipated as
there were not the same number of cases in any of the data sets, 469 ACT scores versus 9

teacher participants for ISIS and 17 responses for ACT workbook data. To explain



71

further, SPSS would only analyze the first 9 cases in the comparison between ACT scores
and ISIS scores and the first 15 cases in the comparison between ACT scores and ACT
workbook data, thus rendering any analysis impractical. Additionally, individual ACT
scores were not matched up to individual teachers (to maintain anonymity). Due to these
two factors, I was unable to run Pearson r correlations, ANOVA, or ANCOVA analyses
between data sets. Therefore, the most effective way to compare the data sets was to
utilize proportion analyses.

To analyze Research Question 1, ACT scores and ACT workbook data, and
Research Question 2 ACT scores and ISIS data, I computed #-tests to obtain the standard
error of difference (Martin & Bridgmon, 2012) of the individual data sets and then tested
the overall proportions by computing binomial tests (Martin & Bridgmon, 2012) in SPSS
(IBM, 2012) so a comparison of the data from the corresponding research question could
be made. Essentially, I calculated all three data sets with the same hypothesized test
proportion, 50% of all subjects would score less than 60% on their given scale; these
numbers equated to a score of 23 out of 36 on the science ACT, 3 out of 5 or 66 points
out of a possible 110 on the ISIS scale, and 28 out of 47 ACT standards in the curriculum
(output data can be found in Appendix M). According to McDonald (2009), “observed
data are compared with the expected data, which are some kind of theoretical
expectation” (para. 2). My theoretical expectation was that the final ACT score
proportion should not be above the ISIS and ACT workbook proportions. Basically, this
associates with the statement that most students should not be testing above what is

covered in the curriculum.
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Comparison of archival ACT data and ACT workbook data (research

question 1). Research Question 1, what is the variation in the proportions of past student
ACT scores and ACT Science College Readiness Standards covered in the science
curriculum at QRS High School, was examined through ¢ tests and binomial tests. The
binomial tests for ACT scores and ACT workbook data (see Appendix M) identified the
percentage of students meeting college readiness and the percentage of teachers covering
at least 28 out of 47 standards. As stated previously, the binomial test for ACT scores
demonstrated 63% of the students are not proficient in at least 60% of the science
material on the ACT, p =.00. Conversely, the binomial test for ACT workbook
standards showed 53% of the teachers cover at least 60% of the science ACT standards;
this test was not significant because the observed proportion was too close to the 50% test
proportion (a suggestion for future studies would be to increase the test proportion to
75%). While both groups did not yield significance, the results suggest that students are
not testing above the amount ACT science standards applied in science classrooms at
QRS High School.

The archival ACT data confirmed the average performance of students at QRS
High School is below college readiness standards, while the ACT workbook data
provides an explanation for the scores. Refer to data detailing the percentage for
individual course data (see Appendix M) to recall the science teachers at QRS High
School cover more than 85% of the standards for ACT scores from 13-23. However, the
percentage drops to less than 45% coverage for scores ranging from 24-36. One-sample ¢

tests and binomial tests data revealed roughly 63% of students did not meet the science
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college readiness standard. These numbers indicate a significant relationship between the
number of standards teachers include in their curriculums and student science ACT
scores.

Comparison of archival ACT data and ISIS scores (research question 2).
Research Question 2, what is the variation in the proportions of past student ACT scores
and scientific inquiry concepts the science teachers at QRS High School are exposing
their students to in the classroom, was examined through ¢ tests and binomial tests. The
binomial tests (see Appendix M) identified the percentage of students meeting college
readiness and the percentage of teachers using inquiry sometimes to often, 3 out of 5. The
binomial test for ACT scores demonstrated 63% of the students are not proficient in at
least 60% of the science material on the ACT, p = .00, while the binomial test for ISIS
scores shows that 89% of the teacher population includes at least 60% of the inquiry
items on the ISIS, p = .04. Each group yielded significance suggesting that students are
not testing above the amount of inquiry applied in science classrooms at QRS High
School, which is a desirable outcome. Recall that the ACT measures scientific inquiry
concepts (ACT, 2013b). However, sometimes to often on the ISIS scale equates to
anywhere from the low end of a 3, 30%, to the high end of a 4, 74% on the 5-point scale.
This varying degree of inquiry usage may help to explain science ACT scores that are not
meeting the college readiness standard.

Even with this comparison data, it was difficult to visually equate the ACT and
ISIS data. The QRS school district required the ability for stakeholders to see some form

of parallel data (M. Hunter, personal communication, April 10, 2014) between the two
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data sets. Therefore, to provide a visual representation of the comparison between
archival ACT data and ISIS data for the district, I configured ACT scores to a 1-5 scale,
thereby resembling ISIS data. It must be noted that this scale was specifically created for
its intended use at QRS school district. In the converted ACT scale, 0-19=1, 20-23=2,
24-27=3, 28-32=4, 33-36=5. The visual representation of this data (see Appendix M)
illustrated that more than 70% of the students score either a 1 or a 2 on the converted
ACT scale for science and the composite score, which equates to an ACT score between
0 and 23. Conversely, the average teacher score on the ISIS was a 3.6. Data Table 8
displays the mean scores of the average teacher ISIS score, 3.6, the adapted average ACT
science score, 2.06, and the adapted average ACT composite score, 2.02.

Table 8

Descriptive Statistics for equated ISIS Data

Std.
Minimum Maximum  Mean Deviation Variance
ISISAVG 3.60 3.60 3.6000 .00000 .000
ACTSCI 1.00 5.00 2.0640 .88202 778
ACTCOMP 1.00 4.00 2.0171 91271 .833

Note. N =469 for ACTSCI and ACTCOMP. The ISISAVG is only the overall ISIS average score, not
multiple scores.

The analysis revealed a difference between the teacher average and both science scores,
1.54, and composite scores, 1.58. These differences signify up to a 7-point gap between
the presumed level of inquiry and the actual ACT scores. Further analysis, including a
one-sample ¢ test evaluated the mean of a test variable, ISIS equated science ACT scores,

for a significant difference from the constant, 3.0 (or a score of 66 out of 110 for
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individuals) on the ISIS scale (IBM, 2012). The output data can be found in Appendix

M. The sample mean of 2.06 (SD = .88) was significantly different from 3.0, #(468) = -
1176, p = .00. The 95% confidence interval mean for ISIS equated science ACT scores
ranged from -48.02 to -47.86. This indicates the average student science ACT score at
QRS High School is significantly below the average amount of inquiry methods covered
by teachers on the ISIS, 3.6. Thus, there is room for improvement. The binomial test for
ISIS equated science ACT scores (see Appendix M) identified over 70% of the students
taking the science ACT at QRS High School are not skilled in at least 60% of the inquiry
items on the ISIS.
Phase 2: Interpretation of Qualitative Findings

The nine qualitative interview questions (see Appendix K) enhanced the results of
the Phase 1 data by providing insight in to why the proportions of ACT scores, 63%,
ACT workbook data, 53%, and the ISIS, 89%, are inconsistent. When, as discussed in
Research Question 1, only 53% of teachers are covering 60% of the 47 ACT standards
and 63% of students do not score well enough on the ACT to be college ready, the
science department needs an answer to the question why. Additionally, as examined in
Research Question 2, 89% of the teachers in the science department cover at least 60% of
the inquiry concepts listed but 63% of the students are not considered college ready.
Establishing a resolution process for the research questions happens through
understanding, which occurs from the interview questions.

Interview Questions 1 through 4 and their corresponding themes support both

quantitative research questions. Active student learning, application of skills, and student
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application (themes for Questions 1, 2, and 4) cannot occur unless teachers can structure
a lesson that appears unstructured (theme for Question 3). The science teachers at QRS
High School agree that inquiry helps students learn science more effectively (Question
2). However, the science teachers have differing viewpoints on what inquiry actually is
(Questionl) and what teachers and students need to know to conduct inquiry (Questions 3
and 4). Deviations within the department can help to understand why there is variation in
the proportions of the Phase 1 data; for example, Respondent 6 stated, “Students use prior
knowledge to actively engage in new problem solving skills where they come up with
their own answers. Open-ended inquiry is teacher facilitated, not led,” and Respondent 7
said, “Open-ended has no one answer. As long as the answer relates to the question and is
justified or supportive by the information it should receive partial to all credit”.
Discrepancies such as these, though slight, can have an effect on what inquiry techniques
and ACT standards are covered in science classrooms, consequently affecting the
proportions.

Interview Questions 5 through 9 and their corresponding themes provide
reasoning as to why there is a discrepancy in the proportions discussed in the quantitative
analysis. Teachers need time (theme for Question 5) to implement open-ended inquiry
lessons (Question 5) and monetary assistance (theme for Question 6), noted as the largest
problem within the science department (Question 6), to acquire some of the equipment
needed for inquiry units. Respondent 8 noted that a “lack of funding and support for
growth” are a constant external hindrance to the department (theme for Question 7). The

question then becomes how to solve these issues (Question 8) so the department might
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avoid the same outcome (Question 9). The resolution can be found both outside the
department: “Principals and Superintendents need to listen to the needs of the teachers
and actually follow through” (Respondent 6) and within the department, “Offer cross-
curricular activities between English, Math, and Science” (Respondent 8) to gain back
some of the lost time. The science department at QRS High has an opportunity to learn
from its own comments so the department can increase the proportion of inquiry
techniques and ACT standards applied in the classroom, thereby raising the proportion of
students prepared for college science.

The collective theme for the nine interview questions was time. See Appendix O
for a narrative of the central theme. Teachers need time to apply the following
participant-suggested action agendas: (a) attend workshops where the focus is on
scientific inquiry and learning how to enhance inquiry techniques in the classroom, (b)
meet with other science teachers within the department to produce inquiry units, and (c)
apply inquiry units in the curriculum. However, time is finite and, as Respondent 8
stated, “more emphasis is put into math and English. Science and social studies are
secondary in growth.” Limited time appears to emerge as the source of hindrance in the
science department at QRS High School, thus delaying any correction of discrepancies
within the department such as those revealed from the quantitative analysis. Therefore,
my suggested application, or call for action (Yin, 2011), for these agendas is on
professional development days during the school year, the week after school is released
for the summer, and the week before school is back in session. However, the school

district would most likely have to pay for the extra two weeks as those are not considered
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part of the contracted days for the district. This strategy would reduce the number of
days teachers are out of their classrooms, thus increasing the number of days in which
teachers could apply inquiry units in the curriculum. Increasing the number of inquiry
units and concepts would increase the proportion of inquiry and ACT concepts covered in
classrooms at QRS High School.
Summary of Findings

An explanatory mixed methods program evaluation allowed me to collect
quantitative and qualitative data. As such, I was able to provide both answers and
understanding for the research questions (Creswell, 2008, 2009; Lodico et al., 2006,
2010). Research Question 1 involved the variation in the proportions of past student
ACT scores and ACT science college readiness standards, while Research Question 2
entailed the variation in the proportions of past student ACT scores and scientific inquiry
concepts. Fundamentally, Phase 1 data confirmed average student ACT scores below the
college readiness standard. The data indicated teachers employ a slightly above average
amount of inquiry and science ACT standards in the classroom but were inconsistent with
which standards were covered in courses taught by multiple teachers. Phase 2 data
revealed teachers feel open-ended inquiry is useful in the science classroom but need
time to become skilled, collaborate and prepare, and implement it in the classroom so
they can raise the proportions confirmed in the Phase 1 data.

The research questions and data from the program evaluation for this study helped
to make recommendations for the teachers at QRS High School (full evaluation report

can be found in Appendix A). While data established that students are not testing above
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the amount of inquiry and ACT standards applied in the classroom, I would like to see
the science teachers in QRS High School increase the amount of inquiry and ACT
standards from 60% to 75%, potentially resulting in average science ACT scores that
increase to college readiness levels. In the evaluation report for this study, I suggested an
actual transformation of the science curriculum in an effort to increase science ACT
scores, close achievement gaps, and create social change on the local level. This implies
increased ACT scores will provide positive social change for not only the students, but
their school and community as well. The sole purpose of research cannot be about the
scientific inquiry (Ali et al., 2011). Essentially, this statement demonstrates that during
the evaluation process, teachers must think about the people involved. As suggested in
the report, a transformed science curriculum will require the efforts of the entire
department with consideration for the students, factors affecting them as individuals, and
the way the students learn.

Substantiated by the literature review and mixed methods data analysis, I
recommend the one rural science department work as a cohesive unit to focus on
instructional needs, identify instructional goals, and compare curriculum content and
expectations (ACT, 2006) to produce the following tentative inclusions for the science
curriculum: (a) covering more Next Generation of Science Standards (NGSS) and ACT
standards, (b) using more of the ISIS inquiry techniques, (c¢) incorporating more hands-on
activities, (d) conducting more cross-curricular tasks, and using (e) collaboration time
and (f) research based models as techniques (in Section 3, I elaborate on such models) to

implement these inclusions.
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Conclusion

In a program evaluation, the goal is to improve the program as quickly as
possible. In this project study, the goal was to implement changes to the curriculum to
improve science skills in QRS High School in a reasonable amount of time. The idea
behind a needs assessment is to determine deficient areas to improve the program. For
this study it was important to determine past student performance on the ACT, the degree
to which teachers employ inquiry based instruction, the number of ACT skills assessed in
each course, and individual teacher views concerning inquiry and skills. Consequently,
the Phase 1 data gathered was statistical data and analyzed in SPSS and the Phase 2
interviews provided themes so I could make recommendations to the high school science
department concerning a revised science curriculum.

The recommendations to the high school science teachers came from the problem,
research questions, and collected data from this project study. The problem was the
achievement gap of scientific achievement among QRS High School, the state, and
national scores. The quantitative questions pertained to the relationship of past ACT
scores to ACT college readiness standards and science inquiry usage. The qualitative
question explored teachers’ viewpoints of their impact on science instruction.
Originating from this information, one can only expect that teachers have an effect on the
curriculum delivered. Therefore, if teachers have overlooked the acquisition of particular
science skills, their curriculum would not include activities containing those skills.

In Section 3, I discuss the actual project, which is an evaluation report for the

mixed methods program evaluation; review literature concerning program evaluations;
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discuss research-based ways to implement the recommendations of this study, based off
the data analysis; and provide a timeline for implementing these changes. In Section 4, I

reflect on the project and draws conclusions.
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Section 3: The Project
Introduction

In Section 3 of this project study, I depict a comprehensive overview of the actual
project, which is an evaluation report for the mixed methods program evaluation of the
science department’s curriculum in terms of inquiry usage and ACT standards applied in
classrooms at QRS High School. Goals of the project stemmed from the results of
collected data. The summative measures indicated that in the past, teachers included a
standard amount of inquiry and ACT standards in the classroom but would need more
time to develop and implement inquiry units. Additionally, this section provides a
rationale for choosing a program evaluation, a review of the literature on research based
models to help implement various scientific inquiry inclusions, a proposal for
implementation of suggested modifications, an evaluation of the project itself, and
implications for social change.

Description and Goals

The influence behind this project study was low performance on college readiness
assessments, such as the ACT, at QRS High School. The purpose of the program
evaluation was to assess the effectiveness of the science curriculum in QRS High School.
The prospective goal from this study is to change the way teachers deliver information to
students so those same students obtain needed science skills and enhance their
performance on assessments.

I designed the inquiry and ACT curriculum evaluation at QRS High School to

provide a summative report entailing strengths and weaknesses of the department through
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the relationship of ACT scores and inquiry usage or ACT standards applied in
classrooms. Generating these relationships involved the following summative evaluation
design: (a) providing background data to substantiate the proposed achievement gap on
the science portion of the ACT, (b) giving each of the nine science teachers quantitative
instruments including the ISIS survey and the ACT science college readiness standards
workbook survey and, qualitative interviews to establish an understanding of the
quantitative data, (c) analyzing the collected data, and (e) recommending changes for
future practice. This design was appropriate stemming from the need to produce
summative baseline data of past practices in the science department at QRS High School
to determine effectiveness of the program. Specifically, the program evaluation was
looking for the inclusion of ACT-related material. The intent of the actions listed was to
provide baseline statistics so the department can modify deficient areas to help future
students acquire scientific skills at QRS High School. This program evaluation critically
reviewed practices at the high school and identified an existing achievement gap;
collected and analyzed necessary data, which determined a need to increase the amount
of inquiry and ACT skills taught to help increase scores; and provided the basis for an
evaluation report to propose a course of action. The overall goal of this study was to
improve student scientific inquiry skills quickly. Maintaining the goal to improve scores
and the understanding that students retain more of the given information in an inquiry
based class (Blanchard et al., 2010), the suggested course of action is to increase QRS

High School’s scientific inquiry based curriculum.
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Rationale

Background science ACT data emphasized the necessity for a program
evaluation. Assessing the current curriculum in the science department was the best
method to determine needed modifications, if any, to help increase the acquisition of
science skills. The rationale for evaluating the current program includes the following:
evaluations are less invasive (Creswell, 2009) as they do not require unnecessary time
away from students, I wanted to assess what teachers are covering verses how students
are testing, I wanted the ability to create change in a timely manner (Lodico et al., 2010),
and evaluations can evolve in conjunction with the program. Additionally, a program
evaluation is a suitable method to create written objectives and provide specific
benchmarks (Lodico et al., 2006, 2010; Spaulding, 2008). The goals of this evaluation
paralleled QRS High School’s mission to “provide exemplary and lifelong learning
opportunities today, in preparation for tomorrow.” As such, this project serves as a
pathway to create positive social change for the current achievement gap in QRS High
School by providing necessary recommendations to create this change.

The baseline data from this evaluation was useful for helping the science
department make changes and move forward. The collection and analysis of summative
data during the evaluation could help to address the actual effectiveness of the
curriculum. The use of 7-tests and binomial tests of ACT student data, ISIS data, and
ACT workbook data provided relationships of the proportions between data sets and
revealed an inconsistency of inquiry and standard usage within the department. Teachers

cannot expect students to test well if teachers who teach the same course are not
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consistent with inquiry and ACT standard usage. Interviews provided understanding for
the quantitative data. Teachers need more time to collaborate, which could assist with
inconsistencies and aid in the application of my inquiry units. Future formative data
analyses could evaluate the effectiveness of any changes, allowing for additional
modifications.

Review of the Literature

I conducted a secondary literature review as a tool to support the use of a program
evaluation for this study. For the analytical assessment of program evaluations, I
reviewed various sources on types of program evaluations, research-based
recommendations for program evaluations, and the use of results from program
evaluations. Additionally, I researched recommendations made in the Section 2 findings
as a method to support the implementation of these proposed changes.

The organization of this literature review includes (a) how a program evaluation
was appropriate to help increase science skills for students and (b) the analysis of using
the recommendations from Section 2 both inside and outside the classroom to increase
science skills and performance.

I conducted an exhaustive search for resources through multiple databases
including EbscoHost, ERIC, Google Scholar, the local library, Proquest, and the Walden
University online library. The compiling of studies occurred through search parameters
including Boolean operators and key terms such as the following: program evaluation and
needs assessment (Mertens & Wilson, 2012; Patel, 2010; Royse et al., 2009). Secondary

search terms included the following: scientific inquiry techniques and models,
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specifically the BSCS 5E instructional model (Bybee et al., 2006; Creghan & Creghan,

2013; NSTA, n.d.); hands-on learning (Brookfield, 2010; Johnson, Zhang, & Kahle,2012;
The National Research Council, 2000a, 2000b, 2005, 2012; Sungur & Giingoren, 2009);
cross-curricular teaching (Guzzetti & Bang, 2011; Kellaghan, Greaney, & Murry 2009;
McKinney & Taylor, 2012; Pearson et al., 2010); higher-order thinking (Bybee, 2013;
Capraro, Capraro, & Morgan, 2013); and professional learning communities and
professional development (Capraro et al, 2013; Defour, Defour, & Eaker, 2009; Koba et
al., 2013; Lindsey, Jungwirth, Pahl, & Lindsey, 2009). Sources for this literature review
came from books, professional journals, referred journals from reference lists, and
research dissertations.
Types of Program Evaluation

Program evaluations are suitable for education as evaluations have the ability to
adapt to a school’s needs. As noted by Patel (2010), education is dynamic. Though
evaluations have two commonly used classifications, goal-based and objective-based,
they can be itemized further by purpose and type. Mertens and Wilson (2012) identified
at least 27 different types of evaluations dependent on the purpose. For example, as with
this study, I used an objectives-based needs assessment to gain insight into the current
curriculum so the department could identify inhibitors and facilitators presently in place.
Program evaluations help school districts determine the worth of a program through the
following: placing the needs of students in the forefront, assessing curriculum(s), and

placing an emphasize learning (Lodico et al., 2010; Mertens and Wilson, 2012; Patel,
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2010). Each of these can provide a district with insight to determine strengths and
weaknesses within a particular program.

By design, program evaluations can vary to meet the needs of the evaluator.
However, any program evaluation is limited by time, resources, and has assets as well as
limitations (Patel, 2010). The evaluator choses the type of program evaluation by such
items as what the person would like to evaluate; what the purpose of the evaluation is;
what the research questions are; when the evaluation is taking place, summative verses
formative; and who the stakeholders are, which may change with the evolution of the
evaluation (Lodico et al., 2010; Mertens and Wilson, 2012). As discussed by Lodico et
al. (2010), most evaluators utilize an objective-based evaluation as it typically employs
quantifiable objectives and benchmarks that participants should reach. Writing
objectives first can influence the choice of data collection instrumentation and whether to
collect formative or summative data. Patel (2010) provided a plausible answer as to why
evaluate in the educational spectrum: educational program evaluations attempt to provide
a systematic approach to issues most districts experience.

Research-Based Recommendations for Program Evaluators

Program evaluation is complex and diverse and provides a localized viewpoint of
a concrete issue that is substantial to the evaluator (Mertens and Wilson, 2012). This
evaluation followed the process of Royse et al. (2009) for conducting a needs assessment,
which was categorized into three phases: pre-assessment, assessment, and post-
assessment. This format helps to define the local issue and demographics, establish why

the evaluation is necessary, and organize the data collection process and analysis of the
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data. Furthermore, the evaluator should comprehend the motivation behind the
assessment, the purpose and potential impact, available resources, time involved, and
ethical considerations if dealing with participants (Royse et al. 2009). The items listed
help determine the appropriate methodology, which can be quantitative, qualitative, or
mixed methods. As discussed by Creswell (2008, 2009) and Lodico et al. (2010), each
methodology has an appropriate use. Quantitative research is based on statistical data,
whereas qualitative research is based on an effort to understand why. Mixed methods
research involves both quantitative and qualitative data to provide a comprehensive
representation of statistics and understanding of the issue (Campbell, Gregory, Patterson,
& Bybee, 2012; Fetters et al., 2013). Once the evaluation design and methodology are
established, the researcher can collect data. Creswell (2008, 2009) and Lodico et al.
(2010) discussed the use of standardized instrumentation to collect data, whether the data
is quantitative or qualitative, such as surveys, archival records, interviews, and
observations. The analysis of such data should reflect the research questions while
identifying potential patterns (Royse et al., 2009). The data analysis produces the
findings of the evaluation: is the program effective. These findings constitute the
evaluation report presented to directly to stakeholders (Lodico et al., 2010). Even with
the complex nature of a program evaluation, utilizing an evaluation plan, such as the one
discussed earlier, clearly defines the intended course of action and helps keep the
evaluator focused so modifications can be made to a program in a reasonable amount of

time.
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Using the Results of Program Evaluation

Educational program evaluation has evolved since its inception. Today,
evaluations challenge districts and evaluators to measure comprehensive programs to
produce action, instead of evaluating distinct and separate entities (Patel, 2010). At the
conclusion of the evaluation, the evaluator presents the evaluation report to stakeholders
who have the opportunity to use the finding in order to create change or produce policy
(Royse et al., 2009). It is important to think of such items as how the results will be
communicated, to whom the evaluator is communicating, and how to use the findings
(Mertens and Wilson, 2012). Multiple researchers (i.e. Mertens & Wilson, 2012; Patel,
2010; Royse et al., 2009) discussed these strategies to apply when writing the evaluation
report and presenting findings to increase the probability of use by stakeholders: (a)
remember the audience, for it may be more appropriate to communicate in a less formal
style; (b) be concise by presenting only what is needed such as an introduction, the
methodology, the findings, and limitations; (c) if an executive summary is typed, the
report should be short and only highlight important details, three to four pages on
average; and (d) pay attention to details by researching other presentations, knowing how
much time is allocated, knowing when questions should be asked, and making sure the
audience can read and understand the presentation. The idea here is to ensure the
audience members leave the presentation motivated to modify practices (Mertens and
Wilson, 2012) so they are more likely to generate change.

The intended uses of a program evaluation to generate change can take multiple

forms. Mertens and Wilson (2012) discussed five intended uses of evaluation findings,



90

though some uses do not create change. Instrumental use has a direct impact on decision-
making. Conceptual use effects how stakeholders think. Symbolic use occurs when the
evaluation is more of a facade and policy makers have no intentions on applying the
findings. Persuasive use provides validation for previous perceptions. Legitimate
utilization is similar to persuasive use but provides validation for previous findings from
another evaluation. The five uses presented demonstrate that the application of program
evaluation findings should meet the needs of those directly affected by the findings and
the associated recommendations.
Analysis of Theory and Research

Examining the science curriculum at QRS High School to look for inquiry based
instruction was one step in recognizing the role students have in their education. Giving
the students inquiry based coursework, coupled with cross-curricular work, allows them
to engage in critical thinking and obtain the needed skills for future science careers
(Dolan & Grady, 2010; Grady, 2010). The same inquiry based coursework is important
for standardized assessments ranging from state to international levels, such as the state
End of Course (EOC) exam, the ACT, and the PISA international test. Additionally, due
to multiple levels of testing, every science teacher must understand the comparisons
made for each of these tests and the subsequent results (Bybee, 2007, 2011, 2013; Furgol
et al., 2011). Teachers can implement changes inside and outside the classroom based on
the needs of their students.

Within the classroom. Overlooking the value of individual intelligence and

critical thinking skills is, unfortunately, a familiar situation in the educational system.
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This program evaluation included suggested modifications to aid in rectifying this
situation. As such, implementing the suggested changes within science classrooms at
QRS High School could help improve student acquisition of science skills. In particular,
Gopalsingh (2010) provided a thorough argument for the underachievement of science
students including the following reasons: science students must have a higher cognitive
skill base than math and English, science is not an AYP tested area, and teachers do not
typically place science literacy in other core subjects (p. 120). Based on results from data
analysis and findings from section 2, this study suggests the inclusion of the following:
inquiry techniques, cross-curricular and hands-on activities, and the use of more higher-
order thinking through the application of NGSS and ACT standards. Sulaiman, Hassan,
and Yi (2011) found high school teachers lean toward the use of interactive teaching
styles which help older students learn efficiently; the student-student and teacher-student
interactions in high school could help broaden the use of the recommended inclusions
while still helping to prepare individual science students for post high school life.

BSCS 5SE instructional model. The 5E instructional model is a student-centered
inquiry model appropriate for use in science classrooms at QRS High School. The model
is based on constructivism and, by name, focuses on 5 E phases for learning science:
engagement, exploration, explanation, elaboration, and evaluation (Bybee et al., 2006;
Creghan & Creghan, 2013; NSTA, n.d.); in essence, constructivist models provide
students with a platform to alter previous perceptions (NSTA, n.d.). Namely, Bybee et al.
(2006), Creghan and Creghan (2013), and NSTA (n.d.) discussed these five phases.

During phase one, engagement, the teacher initiates the learning task. The task should
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bridge past and present learning while focusing student learning on the objective, or
learning outcome. Phase two, exploration, entails cooperative activities during which
students initiate their own creativity within the confines of the current concepts. Phase
three, explanation, allows the teacher to formally introduce the topic and students to
articulate their findings from the first two segments. During the elaboration phase, phase
four, teachers challenge students so they can correct any lingering misconceptions and
deepen their understanding to make generalizations about the skill or concept. The fifth
and final phase, evaluation, provides students the opportunity to evaluate themselves
while the teacher is also evaluating the student. The evaluation can be formal or
informal. Additionally, Eisenkraft (2003) proposed the expansion of the SE model,
appropriate at the high school level, to also include elicit and extend. To elicit prior
knowledge, teachers ask students to catalog what they already know about a topic
(Eisenkraft, 2003; Miranda & Hermann, 2012). When teachers extend a student’s
knowledge, they are ensuring students can apply their newly learned skill or concept by
practicing the reassignment of learning to new conditions (Eisenkraft, 2003). The SE/7E
instructional model can provide the science teachers at QRS High School with a
cohesive, hands-on, approach to inquiry learning.

Hands-on learning. Ways in which a science teacher can create a student
centered, inquiry classroom include the emphasis of tasks that motivate students,
autonomy support, and individual student effort (Sungur & Gilingoren, 2009). Specific
examples in science classrooms include “field works, projects, laboratory experiments

and simulations...brainstorming, group working, problem-solving, and cooperative
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learning” (Sungur & Glingdren, 2009, p. 895). Johnson, Zhang, and Kahle (2012)

conducted a study utilizing some of the examples previously listed and found classrooms
involving hands-on inquiry learning outperformed those involving less effective teaching
strategies. The retention of information in an inquiry based classroom through hands-on
instruction techniques, which also helps with the cognitive and literacy skills discussed
by researchers (i.e., Brookfield, 2010; and The National Research Council, 2000a, 2000b,
2005, 2012), would encourage students to become successful academic learners and to
take an active role in their own education.

Cross-curricular. Curriculum integration, both horizontal and cross-curricular,
would help with the cognitive skill base and the literacy skills needed, though each
subject must show relevance for it to work (McKinney & Taylor, 2012; Pearson et al.,
2010). For example, the acquisition of skills, such as scientific speech, cannot be limited
to individual courses. Schools must expect interdisciplinary instruction, such as literacy-
based science instruction, to obtain all necessary skills so students may increase their
academic output (Guzzetti & Bang, 2011; McKinney & Taylor, 2012). Students may
learn skills in English and math, but they can enhance these skills in other subjects.
Similarly, Kellaghan, Greaney, and Murry (2009) emphasized the language in an
assessment is essential and teachers cannot expect a student to do well on the assessment
if the literacy level is beyond that particular student’s abilities, authentic literacy
(Schmoker 2006, 2007a). Furthermore, while standardized tests do rely heavily on
literacy skills (Visone, 2010), English teachers must also realize the importance of other

necessary skills, like scientific inquiry, so they may reciprocate in the preparation of
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students; for example, English teachers can assist in what Capraro, Capraro, and Morgan
(2013) called constructing a common language. According to McKinney and Taylor
(2012), cross-curricular integration can improve teacher-teacher and student-student
interaction while building relationships, aiding with curriculum and program reviews, and
even providing interactive competitive opportunities at the national, or even international,
level. When teachers from multiple disciplines are teaching students to use scientific
skills, such as inquiry, students’ attitudes toward science improves (Guzzetti & Bang,
2011), and it can also improve their understanding of the actual scientific process.

NGSS and ACT standards. Students throughout the United States take the ACT,
which has been widely accepted for more than 50 years, to provide plausible and
unbiased standards to demonstrate preparation for college, thus exhibiting a student has
learned the skills needed for college (ACT, 2010b, 2011c, 2011d). The scientific
concepts addressed during the ACT include topics covered under NGSS and higher-order
thinking skills, such as those previously discussed (ACT, 2013b). A study conducted by
Furgol et al. (2011) supported the validity of ACT scores and established the scores are
reliable to predict college readiness, college enrollment status, academic proficiency, and
first-year college success. Based on the data analysis from Section 2, less than 40% of
students at QRS High School meet college readiness standards in science. As stated
earlier, students need a 23 benchmark score in science to be considered prepared for
college (ACT, 2013b). This achievement level implies students need a higher-cognitive

skills base in science.
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Effective critical thinking skills allow students to demonstrate the overt nature of
their learning styles while demonstrating success in mastering an objective. Participatory
learning involves active engagement (Lemke & Coughlin, 2009). The NGSS and ACT
standards provide teachers with concepts and practices to build lessons within the
classroom (Bybee, 2013). This approach translates to teachers providing students with
the information to accomplish their goals, but the student must integrate this information
and apply it. For example, Capraro, Capraro, and Morgan (2013) specifically discussed
STEM project-based learning, which could fully incorporate the higher-order inquiry
techniques of the NGSS ACT standards within science.

Outside the classroom. Professional learning communities and professional
development opportunities outside of the classroom can aid revitalization within the
classroom. Multiple researchers (i.e. Capraro et al, 2013; Defour et al., 2009; Koba et al.,
2013; Lindsey et al., 2009) determined PLCs can be successful when there is a catalyst to
support change, when the group has both a clear and shared vision where the main focus
is student learning, and the willingness to adapt and share practices. As stated by
Capraro et al. (2013) when discussing how a PLC, or even a small learning community
(SLC), can support STEM learning, a PLC facilitates development within a school
system. Koba et al. (2013) discussed professional development opportunities in science
through which learning how to teach target inquiry in such classes as chemistry can help
a student’s scientific literacy and, therefore, achievement. A PLC or SLC could help the
science department confront some of the discrepancies revealed during the data analysis

in Section 2.
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Implementation
Potential Resources and Existing Supports

This needs assessment of the existing science curriculum required multiple levels
of data collections due to its mixed methods design. To conduct the summative
evaluation of past practices, I needed both surveys and interviews to generate baseline
data for the program evaluation objectives (see Table 2). Coupling student ACT scores
(see Appendix F) with teacher inquiry usage (see Appendix H and I) and ACT standard
usage (see Appendix D and E) provided the district with quantitative instruments to use
for future formative assessments to verify achievement of previous listed benchmarks. In
addition to quantitative instruments, the teachers completed an interview (see Appendix
K and Appendix L) in an attempt to understand the quantitative data. These four
evaluation tools produced baseline data for the high school and district, thus providing all
significant stakeholders an assessment of strengths and limitations in the current science
curriculum.

Possible future data collections could evaluate the success of benchmarks and
could be formative, or ongoing, to support making changes to the program as needed.
The objectives and benchmarks from the objectives-based program evaluation could help
guide the science department when deciding what adjustments to make in the science
curriculum. To conduct any future formative assessments, once changes are in place, I
would need the following resources: full access to student ACT scores through the
school’s database, teacher cooperation when asking all teachers to complete ISIS and

ACT workbook surveys periodically, and the support of principals and superintendent to
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conduct any future assessments. This future data could be broken down into statistical
data such as socioeconomic factors, gender, free and reduced lunch, special education, or
even by students who transferred to the district.

Potential Barriers

A sequential explanatory mixed methods needs assessment of the science program
was quite extensive. By definition, I had a specific sequence to follow while conducting
this evaluation. I could not move to the next component until I collected all Phase 1 data.
I then had to analyze Phase 1 data before proceeding to Phase 2 data. The school district
had 12 snow days, presenting constant interference during data collection. Teachers had
issues getting to the school to examine curriculum components.

An additional barrier of the evaluation occurred during the initial Phase 1 data
analysis. I had planned to complete Pearson 7 correlations between ACT and ISIS data,
and between ACT and ACT workbook data. However, there were not the same number
of cases in any of the data sets, and individual ACT scores were not matched up to
individual teachers (to maintain anonymity), rendering any analysis impractical. I spent
almost 4 weeks attempting to run the analysis and then researching to find a new data
analysis approach that was compatible to the study, resulting in delays for Phase 2 data
collection. Additionally, during the final stages of the study, I attempted to strengthen
the Phase 1 data analysis through ANOVA or ANCOVA data analyses. However, these
analyses would not work because the independent variable, ISIS scores or ACT concepts,

and dependent variable, ACT scores, did not have the same number of cases.
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Proposal for Implementation and Timetable

Conducting an evaluation of science practices at QRS High School involves two
phases: conducting a summative evaluation so the department can produce modifications
to the curriculum and then ongoing formative evaluations to inspect benchmark
checkpoints. The multiple stage implementation permits the science department, coupled
with stakeholders, to determine vulnerable areas and address those areas in terms of the
amount or type of inquiry or, which ACT standards teachers should cover in each of the
11 science courses. The initiation of future formative collections would be during the
school year, at least one semester after changes are in place and students have had an
opportunity to take the ACT test.

The successive, multiple-phase design provides the district with the opportunity to
continue with annual or bi-annual evaluations to identify areas for possible improvement.
The use of both quantitative and qualitative instruments permits the district to use just
statistical data or to add teacher perspective. District stakeholders may indicate they
would prefer to collect data only annually or even bi-annually. A longer duration
between evaluations would provide teachers with needed time to alter, plan, and
implement changes within their curriculum(s). Data collections over a longer time would
also generate sufficient data to track the percentage of students who successfully reach
the ACT science readiness benchmark relative to modifications made in the curriculum
each year.

For this study, I conducted the summative evaluation of past practices because the

high school did not have any baseline data to determine successful changes made in the
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science curriculum. My proposed timeline to fully implement all desired changes
includes roughly one summer plus one full school year or, if teachers cannot meet during
the summer, one demanding year. I estimate 3 months to identify instructional goals, and
compare curriculum content and expectations; 2 months to decide which ACT standards
and ISIS inquiry techniques should be covered in physical science and biology (these two
courses make up a student’s first two years of science); 1 addition month for the other 9
courses; and 2-3 months for cross-curricular tasks. Any collaboration time would be
concurrent with the 9 months listed above.
Roles and Responsibilities of Those involved

Due to the complex nature of this study, I had to perform a dual role. Not only
did I engineer the mixed methods program evaluation, I had to participate in the study.
As the engineer, I had to design the program evaluation for QRS High School. I was
responsible for choosing appropriate quantitative and qualitative instruments, gaining
permission from copyright holders and the district, holding a meeting for potential
participants, coordinating and obtaining both survey and interview data, analyzing
quantitative data, and analyzing qualitative data. As the sole analyzer, I was responsible
for selecting suitable tests to run statistical data for quantitative data, coding and
producing themes for qualitative data, and producing recommendations to the high
school. There were no outside personnel involved as the qualitative interview was

electronic, thereby eliminating the need for participants to review findings.
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Project Evaluation
This project study utilized a set of evaluation tools to examine the current science
curriculum. The findings and recommendations from this evaluation are limited for use
in QRS High School. Due to the nature of the instruments employed, the school district
could continue with semester, yearly, or even bi-yearly evaluations to determine future
student needs as a result of modifications to the science curriculum. The ISIS and ACT
workbook data would be fundamental resources for any future evaluations. The
suggested schedule for future data collections would allow for both formative and
summative data collections to assess student and curriculum needs through the
identification of inadequate areas in the science program. Interview data could help the
district understand findings. Continued reviews of the science program could help
stakeholders maintain a higher level of confidence in the program.
Implications Including Social Change
Local Community
When a school is pivotal to the success of a local community, the relationship
between the community and the educational system becomes essential to the educational
success of a student. This relationship becomes even more important in a rural setting
where there are unique challenges to this type of location (Vernon-Feagans et al., 2010;
Hardré, Sullivan, & Roberts, 2008a, 2008b). Rural teachers have an impact on their
students, which Hardré et al. (2008b) indicated could be a result of the dual role rural
teachers have as educators and vital community members. Students learn through their

immediate environment. Coupled with other influences, the educational system (i.e.,
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teachers) should help provide a support network for each student to aid in the student’s
success. This project study provided the statistical data to commence change within the
science department to aid in future student success by exposing students to more inquiry
and STEM initiatives, which helps students connect to their direct surroundings (Asunda,
2011; Baine, n.d.; Eberle, 2010). Brookfield (2010) and The National Research Council
(2000a, 2000b, 2005, 2012) discussed making those important connections in the
classroom and utilizing higher order thinking. The identification of strong and weak
components within the science department addressed the use of inquiry based methods,
which, in turn, help to make these connections easier for students. The significance here
is to encourage students not only to achieve, but also to relate to their immediate
environment and create social change by directly addressing the improvement of their
school and community.
Far-Reaching

One step for the United States to advance in PISA standings is to secure more
students in science courses, where teachers help students with scientific skills. From
there, teachers have the responsibility to engage students and to pique their interests.
Researchers have suggested such items as (a) creating a real-world curriculum, (b) having
businesses help determine what students need to learn, (c) participating in more hands-on
activities, (d) having guest speakers in STEM careers, (e) performing activities that use
collaboration, (f) selecting problem-solving coursework, and (g) integrating more
technology (Asunda, 2011; Baine, n.d.; Feller, 2011; Schiavelli, 2011). By

accomplishing these tasks, QRS High School could create an educational environment
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such as the one discussed by President Obama in 2009 where educators increase the
literacy rate in science to produce critical thinkers, the United States moves up in the
PISA standings, and more students are exposed to STEM education (Asunda, 2011;
Baine, n.d.; Eberle, 2010). Developing an inquiry curriculum with the components listed
is one step toward producing critical thinkers, moving up in the testing ranks, and
exposing more students to the science portion of a STEM education.

ACT, Inc. (2007, 2008, 2009a, 2009b, 2010a,) completed multiple studies
providing substantial evidence that taking the ACT is an appropriate assessment to
measure college readiness through the raw scores, benchmark standards, and the
composite score. Thus, the use of the ACT in all 50 states as a high school exit exam
would be a foundation for a national common assessment for which college readiness
benchmarks could be the normal paradigm to assist students in their transition to college.
The use of the ACT as a national test could assist in streamlining NAEP. The use of
college readiness benchmarks from the ACT would provide data from actual student
performance (ACT, 2011g). Helping students at QRS High School acquire the necessary
skills now for future coursework, such as college science, could help students take a
nationally mandated test with a successful outcome.

There is also a call for Common Core Standards on the international level in all
core classes. Professional organizations within the fields of English and math have
initiated the process while science is working on the NGSS (Achieve, Inc., 2014).
Students can use these standards as a way to prepare themselves to work in the

competitive international workplace. College and career readiness standards, coupled
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with the Common Core Standards and NGSS, provide a start for the United States to be
internationally competitive.
Conclusion

The science curriculum evaluation provided a mixed methods perspective to
determine current needs within the department to aid student success: (a) quantitative
measures to identify inconsistencies and (b) qualitative measures to understand why there
are inconsistencies. Through the use of multiple data collections and analyses, I collected
enough data during the evaluation to provide school stakeholders with these
recommendations: transform the science curriculum through the use of research based
models such as the 5E instructional model, cover more NGSS and ACT standards, use
more ISIS inquiry techniques, incorporate more hands-on activities and cross-curricular
tasks, and employ more collaboration time. The research discussed in this section
supports these recommendations so school stakeholders can make changes to the program
(instead of abandoning the program), document data, and even add additional programs
for underachieving students.

The final section, Section 4, of this study reflects on the project, myself, and
draws final conclusions. In terms of the study, reflections include the strengths of the
project, ways to correct any limitations the project may have, the project development,
and the impact on social change. In reference to myself, I must contemplate the different
functions I have portrayed such as the following: a scholar, practitioner, and project
developer. Section 4 will also indicate implications, applications, and possible future

research before drawing final conclusions.
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Section 4: Reflections and Conclusions
Introduction

The notion of this project study evolved from aspirations to correct a discrepancy
in science skill attainment at QRS High School. The purpose of the program evaluation
was to assess the effectiveness of the science curriculum so teachers could focus on the
improvement of science skills. The design of the evaluation involved quantitative and
qualitative data to provide the high school with both baseline statistical data and an
understanding as to why the discrepancy might be occurring. This sequential explanatory
mixed methods program evaluation revealed significant findings for the science
department. However, the evaluation lacked any student evaluation tools to provide an
alternative perspective into the inconsistency of science skill attainment. Teachers can
employ the recommendations from this evaluation to guide changes in the science
program starting with the 2014-2015 school year, with all changes in place by the 2015-
2016 school year. The influence of designing, researching, and implementing a project
study that could increase student achievement is challenging to describe, though the
effects are life-altering.

Project Strengths

The target of this program evaluation was a continuing issue within the school:
lack of science skill attainment, measured by the ACT college readiness benchmark.
Despite modifications within the science department in the past, there was a lack of data
providing evidence for the standards the department was covering and the inquiry

techniques being applied to cover those standards. Furthermore, the school district has



105

not provided adequate time for PLC, SLC, or department collaboration time. This study
provided data demonstrating a need for more time to collaborate so teachers can correct
inconsistencies. Thus, the overall strengths of this evaluation were the design of the
needs assessment (see Section 2) and the utilization of a mixed methods methodology
(see Section 2).

Integrating research on program evaluations and needs assessments (Altschuld &
Kumar, 2010; Mertens & Wilson, 2012; NOAA, 2013; Patel, 2010; Royse et al., 2009)
with research on mixed methods methodologies (Creswell, 2008, 2009; Ivankova et al.,
2006; Lodico et al., 2006, 2010), I constructed this program evaluation around three
distinct phases (see Figure 1) with clearly defined individual objectives (see Appendix D)
and overall objectives (see Table 2) and benchmarks. Through its design, the program
evaluation provided documented statistical data for ACT scores, ISIS inquiry usage, and
ACT standard usage and explanatory data for teacher perspectives. The quantitative data
produced were from descriptive statistics, one-sample t-tests, and binomial tests in which
the proportions of the groups were tested. The qualitative data generated were from
coding and producing themes from interview data in which teacher perspectives could be
identified. Although the analysis of data was time consuming, due to the explanatory
mixed-method methodology and the extent of data collected, the evaluation proved
successful in that the data generated provided substantial support for the findings and
recommendations. As discussed by Mertens and Wilson (2012), this multi-tiered
examination permits essential school stakeholders to determine if this study is appropriate

for instrumental use or for a different application.
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Recommendations for Remediation of Limitations

Irrespective of the successful outcome of this evaluation in producing reference
data for the science department, there were limitations. Three limitations include the
amount of time involved, being a novice at data collection and analysis, and the design
not including student input. Future adjustments for these disadvantages could help
address the problem differently or even provide a different perspective to the problem.

Sequential explanatory mixed methods evaluations demand an extended amount
of time as this method requires data to be collected in a particular order, with one set of
data being analyzed before moving to the next set of data. Though this design allows a
researcher to obtain a comprehensive representation of the problem, the task proved to be
too much for one person to conduct all the data collections and analyses in a timely
manner. In the future, I would recommend multiple researchers working collectively,
thereby saving time while making improvements promptly to the program.

As a novice data collector and analyzer, I had to take extra time to research
different forms of data collection and ways to analyze the data. During the initial
analyses, I attempted to run a Pearson r correlation and later on ANOVA and ANCOVA.
Due to my lack of expertise, I did not realize the data analyses were not feasible due to
differing numbers of cases in each set and students not being matched to teachers. I then
had to spend additional time researching other forms of data analysis that conformed to
the data. For future research, I would work with statistical experts in data analysis or at

least another researcher with more expertise than myself.
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Although the design of this evaluation was comprehensive, it lacked the
perspective of students to address the problem. Student perception of the cause, or
reasoning, behind the absence of science skill attainment could provide an alternative
way to address the problem. Various examples of student self-perception examined by
Hardr¢ et al., (2009) and Alkharusi (2010) included perceived ability, perceived
assessment environment, future goals, and interest. Each of these alternative perceptions
could have an impact on addressing the problem and any subsequent solutions for
addressing the problem. If the school collected this form of data from each science
student all four years of high school, there would be longitudinal data of student
perception into the lack of science skills. Valuable information such as this could also
give science teachers the ability to alter, not only what material they deliver, but how
they deliver the information to students.

Scholarship

Throughout this project study, I became well versed on what it means for a piece
of literature to be current and peer-reviewed. Education is constantly evolving so
literature must stay current or will be obsolete within a few years. With NCLB, AYP,
school report cards, and the need for increasing teacher quality, districts have become
accountable for knowing current legislation and how to respond appropriately (Lodico et
al., 2010). Examining current legislation and research influences schools to reflect on
current practice and take action to improve those practices.

While conducting the literature review, expectations were high that current

research would be plentiful. The ACT has existed for more than a half a century.
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Research quickly divulged that studies were either outdated or did not examine science,
demonstrating a lack of current, relevant research. It was difficult with the scholarship
available to find conflicting positions. To obtain conflicting viewpoints, I had to research
subtopics (see Section 1) of academic success and later, program evaluations.
Nevertheless, the scholarly debate provided an extensive representation within the
literature. For example, researchers such as Creswell (2008, 2009) and Lodico et al.
(2006, 2010) mainly discuss objective-based and goal-based evaluations. Mertens and
Wilson (2012), Patel (2010), and Royse et al. (2009) described the multiple forms
evaluations can assume. Similarly, Mertens and Wilson (2012) and Royse et al. (2009)
presented differing views on how and what to present in an evaluation report.

I also discovered the importance in using multiple resources and databases to
obtain information. It would be impractical to obtain all information with access to only
one resource. As such, the use of multiple resources like EbscoHost, ERIC, Google
Scholar, the local library, Proquest, and the Walden University online library provided
more than enough current, peer-reviewed literature. Navigating through each database
was a skill that took time to refine. I made multiple discoveries while researching
Boolean operators and key terms such as the need to be specific but not too specific. For
example, the search for correlation®* AND research AND design in the ERIC database
provided more than 1000 hits whereas multiple intelligence AND science AND high
school for the years 2010-2012 that were full text and peer reviewed only provided 6 hits.
Access to electronic resources saved hundreds of hours researching and offered more

information than necessary, but it took time to learn how to navigate.
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Project Development and Evaluation

As stated earlier, undertaking a sequential explanatory mixed methods program
evaluation is a daunting task, particularly for a novice researcher. Without conducting
research on program evaluations and taking an online interactive session through Walden
University, [ would have minimal knowledge on how to develop and conduct an
evaluation. Using various resources from multiple researchers on program evaluations
(i.e. Creswell, 2008; Lodico et al., 2006, 2010; Spaulding, 2008) and needs assessments
(i.e. Mertens & Wilson, 2012; NOAA, 2013; Patel, 2010; Royse et al., 2009) provided
me with the knowledge to develop the focused evaluation plan (see Figure 1) in this
study.

While in the design phase, it was critical to consider resource allocation. Being a
novice evaluator, I attempted to maintain a realist perspective. My ambition initially
overtook being rationale when I thought the program evaluation should involve every
subject offered at the high school. Although that could be a long-term goal, it was
inconceivable to conduct a program evaluation of that magnitude alone and within one
school year. Additionally, the high school did not have all necessary resources in place
to conduct an evaluation of that magnitude. After researching and discovering the needed
elements and the amount of time involved, I narrowed my focus to one issue within one
department.

With a narrowed focus and a general knowledge of program evaluation, the next
phase involved determining methodology. As a scientist, I visualize in terms of cause

and effect; therefore, the obvious choice was quantitative methodology. After



110

researching different quantitative measurements, however, it appeared the potential study
did not involve enough participants. It took almost 4 months to alter my mindset.
Although frustrating, I determined the methodology would need to be mixed methods.
The methodology was adjusted further to sequential explanatory mixed methods as the
bulk of the data were quantitative. The months of hindrance stemmed from a minimal
level of research knowledge on qualitative work coupled with my attempt to be persistent
in only using quantitative data. Eventually, the practicality of using mixed methods
where the researcher presents both statistical data and understanding succeeded.

Completion of mixed methods data collection and analyses established a respect
for participants’ rights and an appreciation for computer software. The National
Institutes of Health (NIH) training helped me develop an understanding for the
participant side of research. The use of an online survey company, Survey Monkey,
helped maintain anonymity for all participants and negated the need to have the
participants be identified. The electronic nature of the data allowed me to cut and paste
data into SPSS for data analysis, meaning a smaller chance for incorrect data input.
SPSS organized the data and generated reliable descriptive statistics, frequency statistics,
one sample t-tests and binomial tests data analyses within seconds, this would have taken
months by hand. In summary, the computer and data software utilized facilitated in
maintaining participants’ rights while saving time.

Leadership and Change
Accountability is increasing on all levels in education (local, state, and national)

with initiatives such as NCLB and AYP and the push for more data from individual
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school districts. It is imperative for educational researchers to be proactive in their
districts or campuses to provide internal accountability and feedback so the school(s) may
respond appropriately (Howard, McLaughlin, & Knight, 2012). Producing change in
school districts to meet these standards is complex; someone must take on the leadership
role to initiate change, from planning and design to research, analysis, and
implementation. A report from the NCEA and ACT (2011) discussed school leaders self-
assessing their practices using a system-wide approach with 20 characteristics for higher
performance as a reference. A few of the characteristics include leadership
accomplishing the following: directing PreK-12 alignment of curriculum in a backward
design, starting with grade 12; providing updated, detailed curriculum resources;
developing internal leaders; structuring collaboration at all levels including classroom,
school, and district level; and utilizing appropriate, curriculum- and instruction-related,
professional development opportunities. The success of individual schools and districts
is dependent on leadership taking in the initiative to create change within the system.
Analysis of Self as Scholar

During my studies at Walden University, | have sharpened my skills as a scholar.
The coursework while earning my specialist degree and then continuing in my doctoral
work has educated me in the ways of search engines, discussion boards, and the true
representation of what current and scholarly reviewed journals contain. As a science
major, I had worked with APA style throughout my undergraduate degree but never to
this extent. [ am conveying my skills as a research scholar to the students at QRS High

School. In each class, I have already added a research section covering topics such as
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plagiarism, how to conduct a scholarly search, what current means, how to assess the
accuracy in a website, and how to cite using APA (only the basics). My educational
tenure at Walden University has afforded me the experience of practicing the
enhancement of my research skills, so I may now accelerate these same skills within my
high school students.
Analysis of Self as Practitioner

As a teacher, | am constantly designing lesson plans. Even with my everyday
skills as a practitioner, I found it quite challenging to maintain a timeline through each
stage of the evaluation. For instance, I only planned on 1.5 months to conduct the first
literature review as I had never needed more than 2 weeks to conduct research. Being a
fulltime practitioner with a family and extracurricular duties at school caused ongoing
delays. Additional delays derived from becoming distracted by all the information I was
inundated with while researching. However, I quickly learned to focus on my research
questions and objectives. The research phase took roughly six times longer than
anticipated, partly due to a year-long obstacle through URR and IRB. I also estimated
the data collection process incorrectly due to unforeseen weather interference and
idealistic views of analysis procedures. The delays during the data collection and
analyses were not as severe because I was able to remain focused. As the project
developed, the timeline became less important because as a practitioner, the significance
of the needs assessment was to estimate deficiencies within the department (Royse et al.,
2009) and to report the findings so the district could affect change, not maintain a specific

timeline.
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Analysis of Self as Project Developer

As the project designer of this study, I learned to adapt while affecting change
within my immediate surroundings. While at my residency I found it quite difficult to
choose a project, as I had never been in the position where my research had the ability to
affect change within the school. During that residency I came to the full realization that
as the sole project developer, I must plan, develop, and implement my research without
the assistance of other researchers. I felt overwhelmed by the daunting task ahead. I
followed the guidance of influential researchers in the fields of program evaluations and
needs assessment. As the project evolved, so did my competency in developing and
conducting a mixed methods program evaluation.

The Project’s Potential Impact on Social Change

The emergence of a restructured science curriculum is a form of educational self-
renewal for QRS High School where the students can employ their surroundings to adapt
and overcome oversights they may have in subject matter (Dewey, 1916). Science
teachers must be skilled in their discipline to provide students with basic inquiry tools so
those students may successfully complete their coursework. In terms of social change,
which can address everyday issues, the critical thinking associated with inquiry
instruction (Dolan & Grady, 2010; Grady, 2010) could help students face new challenges,
allowing them “inclusiveness and sustainability [who], ultimately, values the individual,
society, humanity and the environment at large” (Elliott, Fourali, & Issler, 2010, p. 1).
This statement illustrates social change involves small modifications to effect a large

change in the lives of those a person encounters every day.
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The findings and recommendations from the needs assessment address social
change on the local level as well as the larger educational community. At the local level,
this study encourages science teachers to participate in ongoing inquiry as a method to
increase student proficiency in science, thus generating locally competitive students for
college and the workforce. This study could also initiate the process for data driven
changes within all departments at QRS High School and the QRS School District.

In terms of the larger educational community, there are a number of states opting
to mandate a high school exit exam. For example, Missouri is implementing ACT testing
for all public school students in grade 11 starting with the 2014-2015 school year (DESE,
2014). This should demonstrate proficiency in math, English, reading, and science.
ACT, Inc. (2007, 2008, 2009a, 2009b, 2010a,) substantiated that taking the ACT is an
appropriate assessment to measure college readiness through the raw scores, benchmark
standards, and the composite score. Thus, the use of the ACT in all 50 states as a high
school exit exam would be a foundation for a national common assessment where college
readiness benchmarks could assist students in their transition to college. Furthermore, the
use of the ACT as a national test could possibly assist in streamlining NAEP. The use of
college readiness benchmarks from the ACT can provide data “based on actual student
performance in a nationally representative sample” (ACT, 2011g, p.4). The
recommendations from this study to help students at QRS High School acquire the
necessary skills now for future ACT tests could transfer to other districts so their students

could take a nationally mandated test with a successful outcome.



115

Implications, Applications, and Directions for Future Research

The anticipated outcome for this study was to provide substantial baseline data for
the QRS High School science department so the department could make appropriate
modifications to the curriculum. The results from this study revealed that the average
student science ACT scores were below the college readiness standard; teachers employ a
slightly above average amount of inquiry; teachers cover roughly 60% of the science
ACT standards in the classroom, but were inconsistent with which standards were
covered in courses taught by multiple teachers; and teachers felt open-ended inquiry is
useful in the science classroom, but they need time for professional development,
collaboration and preparation, and implementation. As such, science teachers should
apply the recommendations from this study in classrooms so the department can evaluate
benchmarks to determine the success of modifications. As discussed earlier, the
recommendations included focusing on instructional needs, identifying instructional
goals, and comparing curriculum content and expectations (ACT, 2006); covering more
NGSS and ACT standards; using more ISIS inquiry techniques; incorporating more
hands-on activities and cross-curricular tasks; and using collaboration time and research-
based models to implement these inclusions. If applied, these recommendations could
enrich the science program.

I designed this evaluation to specifically identify deficiencies within the science
department. Although I only produced the evaluation for the science department, other
departments could utilize the general design of the evaluation to determine deficiencies or

inconsistencies between teachers of the same course. Future research could include semi-
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annual, annual, or bi-annual evaluations to monitor the achievement of benchmark goals,
which could then be updated if reached. Additional opportunities for research would
include similar school districts conducting the needs assessment to determine if results
are comparable.
Conclusion

This project study involving the effectiveness of the science curriculum produced
important discourse within the academic community concerning high school scientific
skill attainment. Although this study was considered a small scale study with limited
generalizability, the effect within the science department at QRS High School could be
remarkable. The evaluation revealed deficiencies that were affecting both teacher
performance and student acquisition of skills and provided recommendations to correct
these. Furthermore, this study mirrored the school’s mission to provide exemplary
learning and was one action in an attempt to increase student success. The strength of the
evaluation was the mixed methods methodology, but was limited by my novice status as
a program evaluator and my deficient statistical data analysis training. Being propelled in
to a role as scholar, project developer, and practitioner altered my perception of the
impact I have on school policy, leadership, program evaluation, and research within the

academic community to affect social change.
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Appendix A: Evaluation Findings, Recommendations, and Presentation of Findings
An Overview of Evaluation Findings

A mixed methods program evaluation allowed the collection of both quantitative
and qualitative data, revealing numerous important findings. Quantitative data included
ACT background statistics from 2007 to 2011, presenting school, state, and national level
data (no individual student records); individual past student ACT scores from 2008-2013;
a curriculum check of ACT Science College Readiness Standards employed in each
science course, which are skills assessed by the ACT; and 22 classroom level inquiry-
practices in science as measured on The inquiry science implementation scale (ISIS).
The qualitative component consisted of individual interviews. Fundamentally,
quantitative data confirmed average student ACT scores below the college readiness
standard of 23 (lowered from a 24 within the last two years). The data indicated teachers
employ a slightly above average amount of inquiry and science ACT standards in the
classroom, but were inconsistent with which standards were covered in courses taught by
multiple teachers. The qualitative data revealed that teachers feel open-ended inquiry is
useful in the science classroom, but need time to become skilled, collaborate and prepare,
and implement inquiry in the classroom.

The data from the program evaluation helped to make the recommendations for
the science department. While data established that students are not testing above the
amount of inquiry and ACT standards applied in the classroom, the recommendation is
for the science teachers to increase the amount of inquiry usage and ACT standards

within the curriculum from 60% to 75%, hopefully resulting in average science ACT
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scores that increase to college readiness. Therefore, a transformation of the science
curriculum in an effort to increase science skills is deemed necessary. A transformed
science curriculum will take the entire department with: consideration for the students,
factors affecting students as individuals, and the way the students learn. I propose the
science department work as a cohesive unit to focus on instructional needs, identify
instructional goals, and compare curriculum content and expectations using the ACT
curriculum review worksheets to produce the following, tentative, inclusions for the
science curriculum: (a) covering more Next Generation of Science Standards (NGSS) and
ACT standards, (b) using more ISIS inquiry techniques, (c) incorporating more hands-on
activities, (d) conducting more cross-curricular tasks, and the use of (e) collaboration
time and (f) the 5E instructional model as techniques to implement these inclusions.
Methodology and Data

I used a mixed methods research design for this program evaluation. Mixed
methods research allows a researcher to gather quantitative and qualitative data,
providing both answers and understanding for research questions. In particular, this
evaluation collected quantitative data first and qualitative data second.
ACT Data

An analysis of ACT scores by gender showed males scored slightly higher in
science and the composite scores. The frequency numbers indicated a mode of 21 for
males, 35 students, and 20 for females, 44 students. This information is indicated in
Figure 1 by the solid line of the bottleneck; the median was 22 for males and 20 for

females.



350+

30,0

250

20,0+

ACTScience

150

10,0

177 452
4210

o
—2a1

765_t66

° 387
145 71
o

o8
228

420 459
468
[e]

1T I
309 403
)
401

o

Figure 1. Stem and leaf plot showing science ACT scores by gender.

T
Female

Gender

T
lizle

145

Numbers for the composite score are similar (Figure 2) where the median is 21 for both

males and females. However, these numbers are below the ACT college readiness

standard in science.
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The ISIS survey consists of 22 inquiry related questions to determine the
frequency science teachers implement inquiry in the classroom. Frequency data
determined that 44% of the science teachers use inquiry sometimes to often, which
equates to anywhere from the low end of a 3, 30%, to the high end of a 4, 74%, on the 5-
point scale.

ACT Workbook Data Findings

The original ACT workbook data the science teachers completed contained 47
items assessed during the ACT. I asked the teachers to fill out the workbook survey for
each course taught. There were three questions per item. The ACT workbook data
illustrated a significant decline in coverage between the 20-23 and 24-28 score
categories. ACT workbook data also revealed an inconsistency within courses that are
taught by multiple teachers. More specifically, Physical Science courses do not cover the
same assessed items in five of the six score categories; in the top four score categories
there is as much as a 55 to 87.5% difference. Biology courses experience the same
variation in coverage, although consistency begins to diminish at the 24-27 score
category.

Interview Data

Time was the central theme of the nine interview questions. Teachers need time
to apply the following, teacher suggested, action agendas: (a) attend workshops where the
focus is on scientific inquiry and learning how to enhance inquiry techniques in the
classroom, (b) meet with other science teachers within the department to produce inquiry

units, and (c) apply inquiry units in the curriculum. However, time is finite and limited
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time appears to emerge as the source of hindrance within the science department.
Therefore, the suggested application for these agendas is on professional development
days, the week after school is released for summer, and the week before school is back in
session; the school district would most likely have to pay for the extra two weeks as those
days are not contracted days for the district. This strategy would reduce the number of
days teachers are out of their classrooms, thus increasing the number of days in which
inquiry units could be applied in the curriculum.
Recommendations Based on Findings

Given the strengths and weakness discovered within the science department, |
generated recommendations from the findings to improve student skill achievement.

1. Utilize the SE/7E instructional model, which is a student-centered inquiry model
appropriate for use in science classrooms. The model is based on constructivism and, by
name, focuses on 5 E phases for learning science: engagement, exploration, explanation,
elaboration, and evaluation but can also include elicit and extend. The SE/7E
instructional model can provide science teachers with a cohesive, hands-on, approach to
inquiry learning.

2. Include more hands-on learning opportunities in science classrooms. Efforts
discussed by researchers to improve the science skills in science include such items as (a)
creating a real-world curriculum, (b) having businesses help determine what students
need to learn, (c) participating in more hands-on activities, (d) having guest speakers in
STEM careers, (e) performing activities that use collaboration, (f) selecting problem

solving coursework, and (g) integrating more technology. These techniques encourage
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students to become successful academic learners and take an active role in their own
education.

3. More curriculum integration, both horizontal and cross-curricular. This could
help with the cognitive and literacy skills needed in science. Interdisciplinary instruction
helps students obtain all necessary skills so the students may increase their academic
output. Teachers must in