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ABSTRACT

The purpose of this study was to determine if the Summit Learning Platform, a type of
Intelligent Tutoring System, has a positive association with mathematics achievement of high
school students in grades nine through eleven. The study was conducted in a Midwest
suburban school district among three high schools within the same district. Further, a quasi-
experimental research design was used with a sample size of 2000 students in the control
group and 450 students in the treatment group. Data were compiled from the 2018-2019
school year and applied a combination of t-tests and analysis of variance (ANOVA) to
compare the mean scores of the two groups. As comparison points, the Northwest Evaluation
Association (NWEA), pre-ACT, and ACT were used in this Midwest district as measures
among all students. The results demonstrated that students using the Summit Learning
Platform showed significant gains when using their pre-test and post-test scores, but there
was not statistical significance when analyzing the measures between the control and
treatment groups. As more school districts utilize technological tools in far-reaching efforts
to raise achievement levels in math, the intent of the study was to demonstrate potential
benefits of the Summit Learning Platform for districts across the nation.
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CHAPTER 1
INTRODUCTION

For many students in both secondary and post-secondary institutions, mathematics is
a dreaded and difficult subject. Historically, mathematics is one of the most scrutinized
content areas because it is tied to district funding and scholarships through students’ results
on standardized tests. Despite this, only 23% of twelfth graders scored at proficient on
standardized mathematics tests (National Assessment of Education Progress [NAEP], 2017).
Even though high school graduation rates have been steadily rising, students are not entering
college with the skills necessary to be successful, evidenced by the growth of remedial
classes for introductory level courses (DePaoli et al., 2018; Smith et al., 2015).
Unfortunately, an increasing number of college students leave their K-12 school districts
unable to meet the academic demands, thereby necessitating remediation, and those in need
of remediation drop out of college at a much higher rate (Diehl, 2017).

Such a disconnect in the competency needed to be successful at the post-secondary
level is termed the skills gap, and officials from the local, state, and federal levels have
placed an increased focus on mathematics achievement in attempts to close the gap. Of
further concern, the curricular struggles are much more pronounced when groups of students
are disaggregated from the population. Such a discrepancy has been coined the achievement
gap, which occurs when White students outperform other underrepresented groups of
students and the difference in average scores is larger than the margin of error (NAEP, 2017).
In this study, the underrepresented groups consist of African American, Latinx, Multi-Ethnic
and Free- and Reduced-Lunch Qualifying (FRLQ) students. As the work of Flores (2007)

demonstrated, there has not been adequate progress made, as “significant gaps in



mathematics achievement that have not closed considerably over the last three decades ...
[and] 91% of African-American and 87% of Latin[x] students are not proficient in
mathematics” (p. 30). Additionally, socioeconomic status has been predictive of student
success in mathematics and engineering courses, with students in lower income brackets
experiencing difficulties in these subject areas (Blums et al., 2016). Although these statistics
are harrowing, new technological advances may help close the achievement gap in
mathematics by supporting students through a more personalized approach.

To address disparities among students, educational pedagogy has evolved, and
technology makes it possible to provide additional opportunities to help students understand
mathematical content through immediate feedback. Particularly in mathematics, computer
algorithms may effectively determine the knowledge state of a student due to the sequential
nature of the content (Falmagne et al., 1990). As a result, there have been countless computer
programs that use artificial intelligence to effectively model instruction within a classroom to
varying degrees of success, the most popular being Assessment and Learning in Knowledge
Space (ALEKS, 2019). Even with the creation of such programs, in 2017 the National Center
for Educational Statistics (NCES) found that more students have trouble within mathematics
courses than any other discipline. Due to this continual struggle throughout all levels of the
educational system in the United States, there is a need to evaluate additional cognitive
tutoring software which will provide more relevant feedback to discern its potential to
positively affect mathematics achievement.

Problem Statement
Many schools attempt to address the achievement gap in mathematics through

cognitive reform and deemphasize the affective needs of students. Further, there is often a



misunderstanding of the implementation of reforms themselves, which creates a situation in
which a school cannot effectively personalize changes for the staff and students it serves
(Barieva et al., 2018). If a school is to be effective, however, it must attempt to expand
content differentiation while focusing on non-curricular skills (Snape, 2017). Nonetheless,
districts tend to focus more on the changes to policies and programs rather than their
epistemological and pedagogical functions (Spillane, 2000). In this study, nine different
districts were analyzed with 165 interviews conducted to determine why mathematical
reform efforts were unsuccessful. Ultimately, the researchers discovered that 80% of district
leaders within these schools emphasized form-focused understanding among students. In
essence, this type of teaching method is cognitive in nature and “preserve[s] the conventional
view of mathematics as teaching procedural knowledge” (p. 154). The more successful
reform efforts were function focused, emphasizing collaboration and real-world interaction.
This approach not only supported content area knowledge but also tapped into the affective
needs of students. Taking these small steps to focus not only on content but also on how a
student feels about learning the material supports students’ affective domain, which impacts
how and what can be learned (Guy et al., 2015). Further, if schools are truly seeking to
positively impact the gaps in achievement, pervasive among groups of students based on
gender, race, ethnicity, and socioeconomic status, incorporating multiple learning modalities
and domains into reforms are integral (Adebule & Aborisade, 2014; Belbase, 2013).

Most schools have been keenly aware of the existence of the achievement gap in
mathematics to some degree since the implementation of the NCLB (2002) mandated that
certain types of data be measured to maintain accountability. Despite almost two decades of

data-driven reforms, the issues surrounding the achievement gap are pervasive as ever



(Crouzevialle & Darnon, 2019; Demie, 2015; Howard, 2019; Milner IV, 2017). If the way to
economic and social stability exists through post-secondary education, underrepresented
groups of students have been consistently left behind their peers (Kaupp, 2012). Further, the
existence of such a gap influences how minoritized students (those of non-White
background) experience school and has negative implications on graduation rates, college
attendance, and college completion (Leach & Williams, 2008). An added impact when
underrepresented groups of students fail to graduate from post-secondary education is the
incurrence of high levels of student loans. For example, Luna-Torres et al. (2018) sought to
discern if racially or ethnically diverse students were more likely to incur high levels of debt
while taking collegiate coursework. In a quasi-experimental study, the researchers analyzed
the enrollment, loan amount, and success of 5,871 students enrolled in a two-year community
college. Of these students, 60% of Black students, 19% of Hispanic students, and 12% of
White students were loan recipients. Further, of the students who took out a loan, 57% did
not earn a credential, and while there was no significance when analyzing the relationship
between ethnicity and cumulative debt, Black and Latinx students were less likely to earn a
credential or transfer to a four-year institution (Luna-Torres et al., 2018). Such results not
only create socioeconomic stagnancy for the current generation of underrepresented groups
of students, but according to Kaupp (2012), these outcomes also have direct implications for
their children, who struggle to break the cyclical nature of poverty.

Blaming poverty alone does nothing except mislead those who are seeking to find
viable solutions to the problems that create the achievement gap. Communities that are not
highly involved in the education of their children are much more likely to see well-meaning

reforms fail; put simply, the community must buy into the vision of the school as a whole



(Ferguson et al., 2010). If leaders within the community are not willing to step forward to
support the school and do not have a stake in educating children equitably, then the school
itself will be unable to combat the external factors that negatively impact students’ lives,
such as crime, poverty, social mobility, and social disorganization (Bryan, 2005; Lee &
Madyun, 2009; Rothstein, 2015). In areas that exhibit these attributes, a common result is the
school to prison pipeline, which further inhibits underserved groups by contributing to
limited employment opportunities (Alexander, 2020; Allen & White-Smith, 2014; Owens,
2017; Wald & Losen, 2003).

The close focus on the achievement gap in mathematics has good intentions, but
many argue that it overshadows ways that schools use school discipline, special education,
and juvenile justice to constrain student achievement data (Annamma et al., 2014). Punitive
measures for minoritized students create an environment in which underrepresented groups
are unwelcome and additional barriers are put in place to experience success. For example,
the Black-White suspension gap contributes to the racial gaps in academic achievement due
to the utilization of school exclusion as a discipline practice (Skiba et al., 2014; Winn &
Behizadeh, 2011). Williams (2011) addresses another of these barriers within schools, as
mathematics courses act as a foundation for the knowledge later, creating a situation where
courses like Algebra are gatekeepers to future success in any mathematical or scientific field
(Douglas & Attewell, 2017). To address the challenges caused by gatekeeping courses,
Moses et al. (1989) created the Algebra Project in 1982, which operated under the
assumption that all students can learn Algebra. Their work established a series of components
that created a curriculum to meet students where their current abilities were and linked

personalized experiences with student learning strategies. In essence, these components seek



to combat the implicit biases that have existed within schools and other social institutions
(Silva et al., 1990). Although some success was experienced, ultimately exclusionary
discipline practices and gatekeeping courses continue to result in later disparities in
employment opportunities for underrepresented groups of students.

As global employment is becoming more competitive, those who are more likely to
have dropped out or have become incarcerated are less able to maintain socioeconomic
stability (Rosenberg et al., 2012). The incongruities that are present in education are
applicable to life outside the four walls of a classroom, as they are prevalent in property
ownership, public accommodation, and voting rights, as multiple studies have indicated
(Bacharach et al., 2003; Finkelman, 2009; Rauh, 2017). For these reasons, it is crucial to
ensure that students have opportunities to achieve success in mathematics. Not only do the
skills required within the curriculum create opportunities for future success, but remediation
within mathematics courses acts as a gatekeeper for success at the secondary and post-
secondary levels (Wang et al., 2017). The existing reality is many underrepresented groups of
students must take these remedial courses, which adds another barrier to be successful (Crisp
et al., 2015). In order to fully understand how students are impacted both in the short and
long term, light must be shed on the cause of the problem.

Historically, teaching and assessment in secondary education have primarily focused
on the cognitive skills of knowledge and understanding. After the analysis of the quantitative
results of standardized testing, several studies caution the overabundance of cognitive
reforms and determined that affective outcomes like values, attitudes, and behaviors may be
equally important to provide a holistic and personalized education for all students (Deunk et

al., 2018; Shephard, 2008; Hall, 2011). Specifically, Deunk et al. conducted a meta-analysis



on cognitive reforms as they relate to differentiation in the classroom, and the researchers
concluded that a broader educational context was needed. One of the suggestions was an
incorporation of students’ affective strengths to support the individual needs of each student.
The current lack of focus on students’ affective domain ultimately contributes to a negative
emotional reaction in mathematics education. To address this perception, Ignacio et al.
(2016) posit there needs to be a change in the image of mathematics instruction and an
improvement in the relationship between teachers and pupils.

Although a consistent focus on cognitive reforms may be a factor in the current
achievement gap in mathematics, it is not the only cause. Research dictates there are several
factors that have contributed to schools’ inability to narrow the achievement gap. Although
many districts have implemented reforms to address such an issue, multiple studies have
determined that schools that do not have strong leadership, high-quality teaching and
learning, an inclusive curriculum, effective use of data, one-to-one support, and do not
deploy the best teachers to teach intervention groups generally experience less success in
closing the achievement gap in mathematics (Demie, 2015; Dittmann & Stephens, 2017; Wu
et al., 2021). Traditional methods of instruction have not been able to combine enough of
these characteristics to enact lasting change, and students’ engagement levels in mathematics
have declined, especially among minoritized groups of students (Skilling et al., 2020). Some
researchers have claimed the cause stems from the lack of high-quality educators within a
geographic region (Goldhaber et al., 2015). Others posit that the issue is not one of race or
ethnicity; instead, poverty is the major culprit (Baker et al., 2016; Evans, 2007). Still more
argue that low expectations and cultural differences create educational inequity that is further

strengthened in the placement of students in remedial classes during later years (Kotok,



2017). These characteristics all likely have an influence on the achievement gap in
mathematics and drastic implications on how teacher education and development must shift
to provide culturally responsive discourse within the classroom (Milner IV, 2017). To avoid
these impacts of the achievement gap, school districts need to be more creative in the
allocation of their resources.
Changing the Instructional Model

In a typical classroom, students have differing levels of understanding based on their
interests, familial background, district mobility, and natural ability (Loughran, 2013). If
given enough time, an educator can test to see how much a student knows, analyze the
results, create a personalized learning plan, and develop a method through which a student is
held accountable for content performance. The classroom operates with limited resources,
however, and teachers cannot do all these things simultaneously. Herein lies the promise of
educational technology, as it offers the potential to differentiate on a personal basis and
create a system in which the teacher’s role is redefined as a facilitator of information, thus
increasing overall achievement and reducing the gap for underserved populations. In short,
technological advances have the potential to weave together each of the domains (affective,
cognitive, and psychomotor) to produce learning (Bloom, 1956; Kapp, 2012). In
mathematics, traditional instruction is relegated to impersonal interactions between students
and teachers, with direct instruction being the primary method of delivery due to its
efficiency. To investigate an alternative style of instruction that supported the affective
domain, Boyle et al. (2007) studied the effects of fieldwork in various courses rooted in
science, technology, engineering, and mathematics. The researchers posited that increased

support of students’ affective domain would lead to the incorporation of more effective



approaches to learning. In a pre/post Likert survey presented to 300 participants, the
percentage of students who felt negative emotions toward the coursework fell from 39%
prior to the course beginning to 13% after the course ended (Boyle et al., 2007). Specifically,
students communicated they felt more connected to individuals around them and had a better
understanding of their content area’s application in the real world, as both characteristics
were significant at the .05 alpha level. The research from Boyle et al. (2007) indicates if
educational interactions become more personalized, there is a significant impact on the
affective domain, as how student’s feel about the content they are learning is crucial to their
levels of retention. In general, instruction that can provide a connection to each student
creates a more positive interaction. The core of every educational organization’s mission
statement includes some reference to academic success; to reach high levels of achievement
for all students, however, they must also exhibit competence in emotional intelligence
(Lynch et al., 2009). Due to the limitations of resources, asking educators to balance the
personalization of instruction while also developing their students’ emotional well-being is
nearly an impossible task. If carving out more time within a day is not a possibility, perhaps a
better approach would be to focus on incorporating technology successfully, which helps the
system become more efficient.

Educational technology can facilitate a personalized learning environment, which
creates the potential to shift the role of the teacher to support students’ cognitive and
affective domains, and empirical research has shown that e-learning can improve learning
interest, attitude, and local cultural identity (Hwang & Chang, 2016). However, a traditional
criticism is one of turnover; by the time a school district commits to a curricular design, the

technology changes or becomes obsolete (Selwyn, 2015). As a result, school districts have a



difficult time maintaining a particular technology or software. Additionally, pressures of
accountability by public policies have only redoubled the focus on the cognitive domain and
created a negative connotation for any program that seeks to focus on the affective domain,
as it is often harder to measure by a standardized test (Deming & Figlio, 2016). Traditionally,
cognitive tutoring programs were designed by companies seeking to turn a profit, so they
were tailored to learning standards that addressed only the cognitive domain (Sottilatre et al.,
2016). Unlike previous endeavors, newer adaptive learning programs have taken a different
approach and offer an opportunity to truly meet the diverse needs of students while
supporting all learning domains. One of these programs, the Summit Learning Platform
(SLP), creates a more conducive, personalized environment for the student, and the study
examined whether the utilization of the SLP can generate a positive association when
measuring mathematics achievement (Summit Public Schools, 2017).

The SLP was chosen because it offers the most promise to meet the holistic needs of
students. For example, a hallmark of the program includes finding the exact location of
students’ levels of understanding over a curricular topic, as developing cognition is hinged on
skills that can be accessed within each student’s zone of proximal development (Bruner,
1960; Vygotsky, 1978; Wood et al., 1976). This approach speaks to the cognitive domain that
many other adaptive learning models support. In theory, such programs present the ability to
not only challenge high achieving students, but also provide the remediation that some
underrepresented groups of students may need to catch up to their same-aged peers. Equally
important to the implementation of the SLP is a focus on the affective domain, given its
influence on the quality of school-level learning and the emotional reactions students

experience while learning (Ignacio et al., 2016). Although content knowledge is one of the
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building blocks of the SLP, developing habits of success for students to support positive
behaviors, mindsets, and dispositions are significant to the effective mathematics classroom
(Stafford-Brizard, 2016). A final piece of the SLP involves creating a sense of purpose
through meaningful experiences to develop self-knowledge, values, relationships, and a
credible plan for the future (Duckworth & Duckworth, 2016; Rath et al., 2010). Rather than
addressing the disparity in education solely through cognitive reform, the SLP attempts to
support students by also utilizing personalized learning to help students seek growth in the
affective domain.
Purpose and Research Questions for the Study

The purpose of this study was to determine if Summit Learning Platform (SLP), a
type of Intelligent Tutoring System, positively affected mathematics achievement, as
measured by pre-post and between-groups measures. Additionally, the study sought to
determine if the SLP can narrow the inequities that currently exist for underrepresented
groups of students and FRLQ students in a suburban public school outside a large
Midwestern city when compared to similar students in a traditional education setting. In this
study, the underrepresented groups consisted of African American, Latinx, Multi-Ethnic, and
FRLQ students due to the available sample sizes. The study served two purposes for
contributing to the existing body of research. First, it can help professionals in the field of
education decide how a cognitive tutoring system may create a personalized learning
environment for all students at the high school level. Second, there is an existing gap of
independent research on the SLP, which may provide additional credibility to its wide-scale
application. For this study, data were collected and analyzed to answer the following research

questions:
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1. Is there a significant difference in NWEA-MAP mathematics scores when comparing
student pretest and posttest results among students using the SLP?

2. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the NWEA-MAP?
Specifically, do scores differ among Black, Latinx, Multi-Ethnic and White students?
Are scores different between FRLQ students and non-FRLQ students?

3. Is there a significant difference in ACT mathematics scores when comparing 11th
grade students who received traditional instruction and students who receive
instruction using the SLP?

4. Is there a significant difference in pre-ACT mathematics scores when comparing 10th
grade students who received traditional instruction and students who receive
instruction using the SLP?

5. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the pre-ACT and ACT?
Specifically, do scores differ between Black, Latinx, Multi-Ethnic and White

students? Are scores different between FRLQ students and non-FRLQ students?

Theoretical Framework
Although scientists have studied cognition to a great degree throughout the past
century, research on the overlap of cognitive science and technology is relatively new due to
developments that have occurred in only the last few decades (Falmagne et al., 2006). Of the
plethora of Intelligent Tutoring Systems (ITS), adaptive mathematics software programs like

the SLP primarily operate utilizing Knowledge Space Theory (KST) and Adaptive Control of
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Thought-Rational (ACT-R). These two theories intertwine to establish the theoretical
framework of the research study.

Doignon and Falmagne (1985) developed the concept of KST to utilize artificial
intelligence to uncover a close approximation of the exact state of knowledge of a student.
Within KST, a basic unit of knowledge is defined as an item, which can be a single question,
a set of questions, or even a performance task (Villano, 1992). The SLP primarily gauges
student knowledge by asking open-ended constructed response questions. Through a mixture
of cognitive tutoring and teacher-supported instruction, additional levels of understanding are
gained (Summit Public Schools, 2017). Further, to develop students’ content knowledge,
instruction is provided in students’ zone of proximal development (Vygotsky, 1978). To use
artificial intelligence, Doignon and Falmagne (1985) operationally define the zone of
proximal development as the domain set of student knowledge. Understanding how the
process works is equally important for both researchers and educators who seek to apply
adaptive tutoring systems to the field of education.

The result of the initial adaptive assessment creates two shortlists of problems: What
the student can do and what the student is ready to learn (Falmagne et al., 2006). Such an
application of KST is crucial because the accuracy of the student placement ensures the most
efficient and effective methods of instruction. Initially, individuals believed that a true
student-knowledge state could not be determined by artificial intelligence, but the work of
Doignon (1994) demonstrated that “a finite knowledge space can be generated from a skill
assessment that is minimal and unique up to an isomorphism” (p. 117). This result expanded
upon the work of Falmagne (1989), which posited that adaptive testing assessments are more

effective when they are deterministic, rather than probabilistic, as randomness should not be
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present within the concept of KST. The ultimate purpose of KST, regardless of the ITS that
utilizes an adaptive assessment, is to provide exact, guided instruction for students.
Additionally, teachers are better able to provide personalized instruction for students by
allowing them to apply the learning pathways demonstrated by the students themselves
(Taagepera & Noori, 2007; Taagepera et al., 1997).

Failure to mention how ACT-R has shaped the way adaptive tutoring systems are
created would be incongruous to the research. Much like KST, ACT-R seeks to assess
current knowledge and provide individual instruction (Roll et al., 2011). Different from KST,
however, ACT-R analyzes how the brain is organized in such a way that allows individuals
to process modules to produce cognition (Anderson, 1996). In terms of the SLP, this
references a question or series of questions that target higher-level cognition. Such a
perspective is crucial to the success of an ITS because, to gauge student understanding, users
must be able to interact successfully with the program. In other words, even if an adaptive
assessment is designed perfectly, the interaction between user and software may cause issues
in determining the exact knowledge state (Anderson, 1996). This is perhaps where the
greatest strides have been made, as the seminal research and subsequent applications of
ACT-R modeled higher-level cognition, but by the standards of human-computer interaction
(HCI), it was deemed to be failing (Anderson, 1993; Anderson et al., 1997). As technology
has improved, the ability of artificial intelligence to interact with a student and work toward
determining their current mathematical understanding has more closely modeled that of a
teacher (Hunter, 2018). Although ITS models are far from perfect, and gaming the system

does result in disengagement from the topic and decreased learning, it is important to remain
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focused on the overall goal: Personalized learning does have the capacity to transform the
way learners consume information (Baker et al., 2008).

In the traditional classroom setting, being able to differentiate on a wide scale is
nearly impossible, as each student has unique needs, culturally specific psychosocial
stressors, and a separate knowledge state from all other students (Patel et al., 2016).
Personalized learning through software that utilizes the theoretical basis of both KST and
ACT-R allows teachers to meet each student on their level, target instruction to the exact area
of need, and support characteristics like resiliency and self-regulation that help students
achieve success (Evans, 2007). The cognitive model reinforces these goals, as it can predict
what students can and cannot do and help them achieve curricular goals (Ritter et al., 2007).
Further, Davidovic et al. (2003) studied the results of 117 high school students who used a
structural example-based adaptive tutoring system (SEATS) to determine if a computer
model could be an effective delivery model for students. The study placed students into four
randomized groups, and the results indicated that although all groups acquired knowledge,
those who utilized the SEATS model experience the largest knowledge gain in the shortest
amount of time as measured by both a pre-test/post-test model in addition to a survey. These
results indicated that the utilization of ITS models like SEATS can lead to increased
engagement, motivation, and learning within a safe, non-competitive environment
(Davidovic et al., 2003). By raising engagement and providing an increased level of
individualization, students are empowered, and teachers can facilitate various methods to
control the boundaries of adaptation, which may aid in the process of narrowing the

achievement gap in mathematics (Turker et al., 2016).
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Moving away from the traditional approach of mathematics education to a
personalized environment can be difficult to manage for organizational leaders. This reality
is especially true as schools attempt to address the diverse needs of underrepresented groups
of students. Further, by failing to approach instructional change through an aligned,
purposeful system, buildings cannot sustain any transformation. Instead, effective leaders
support their teachers by involving them in the decision-making process, which is a
characteristic of transformational leadership (Usdin, 2014). To narrow the achievement gap,
leaders must be able to alter the way teachers see the structure of the classroom and help to
create a sense of purpose within teachers by evoking them to think critically.

Simultaneously, teachers must be supported emotionally, and these factors are effective ways
to stimulate the positive student outcomes desired by so many districts across the nation
(Boberg & Bourgeois, 2016). For this reason, the implementation of the SLP is best analyzed
through the lens of transformational leadership. Although a program may utilize KST to
determine the exact state of student knowledge and apply ACT-R to interact effectively with
students, the incorporation of technological tools can only be successful if a leader facilitates
the implementation by providing opportunities for training, development, and reflection.
These theories are expanded upon and further examined in the literature review.
Measurement Tools

Three main assessment tools were utilized in this study. First, the pre-ACT is a norm-
referenced assessment developed by the ACT to provide an early indication of educational
progress, areas for improvement, and quick reporting to the student (ACT, 2018). Many
districts give the pre-ACT to 10th grade students to provide a benchmark before they take the

ACT the following year. The second assessment analyzed was the ACT, which is primarily
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given to 11th grade students throughout the nation at various dates throughout the year. The
ACT both provides students with a guide of college readiness and is also a high-stakes test,
as universities partially base acceptance and financial decisions on ACT score (Goodman,
2016). Finally, I utilized the Northwest Evaluation Association Measures of Academic
Progress (NWEA-MAP) to analyze student growth throughout the year. Schools give this
norm-referenced assessment three times a year to gauge individual student growth and
instructional gains within a school year (NWEA, 2018). The school district participating in
this study administers the pre-ACT to all 10th grade students at all three high schools, the
ACT to all 11th grade students at all three high schools, and the NWEA-MAP to all
mathematics students at one of the three high schools.
Significance of the Study

Compared to some of the seminal studies of human cognition, the research that has
paired software development with cognitive science is much more limited (Roll et al., 2011).
Typically, researchers in the field have not focused on gains in achievement by analyzing
quantitative studies but rather on the theory behind the ITS software (Aleven et al., 2006).
Though there are a vast number of software programs that utilize adaptive learning, ALEKS
is the most popular and is employed across the nation, primarily in secondary and post-
secondary institutions (ALEKS Corporation, 2019). The SLP follows in the footsteps of the
ITS models that came before it, simulating the responses of a human tutor to provide hints,
giving immediate feedback, and helping students proceed at their own pace through
assessments that utilize artificial intelligence to generate students’ unique knowledge spaces

(Summit Public Schools, 2017). Table 1.1 provides a brief look at some of the more
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prevalent adaptive software models, as well as a summary of their perceived strengths and

weaknesses.

Table 1.1

Summary of Intelligent Tutoring System (ITS) Models

ITS Model Description Perceived Strengths/Weaknesses
Assessment of A web-based, artificially ALEKS does provide an
Learning in intelligent assessment and immense amount of support, and
Knowledge Space learning system that uses the mastery requirement has
(ALEKS) adaptive, non-multiple-choice demonstrated increased student
questions to determine student achievement. The cost is
knowledge (McGraw-Hill prohibitive, as each subscription
Education, 2018). costs $19.99 per month
Carnegie Software that monitors that Although it does utilize
Learning’s student’s knowledge on a computer-adaptive instruction,

Cognitive Tutor

Edmentum

Relational
Adaptive Tutoring
Hypertext
(RATH)

Summit Learning
Platform (SLP)

moment-by-moment basis and
tailors coursework based on
continual assessments (Carnegie
Learning, 2018).

Formerly PLATO Learning,
Edmentum offers a variety of K-
12 mathematics products and
tools to engage and monitor
progress toward grade-level
standards (edmentum, 2018).

A landmark ITS model, RATH is
a prototype that combined the
structure of hypertext with the
theory of knowledge spaces. By
determining the knowledge state
of a student, RATH presents only
relevant material (Hockemeyer et
al., 1997).

A free, online tool that helps
students track progress, learn
content, and reflect. Teachers
customize instruction and provide
personalized learning (Summit
Public Schools, 2017).

the hint feature allows students
to “game” the system. Also, the
cost for a district can be
prohibitive.

Edmentum has a great number of
tools, from games to assessments
for students. Most of the games
and technology are geared
toward younger ages, and the
cost may be prohibitive.

This is not a current ITS model,
but many of the current products
on the market utilized the
revolutionary research done in
the creation of RATH and the
subsequent research that has
stemmed from its development.

It requires teachers to facilitate
instruction of the program,
which is counter-intuitive of
many online learning platforms.
Basic use is free for school
districts.

18



As of this writing, many school districts are turning in the direction of computer
software programs to help provide personalized learning experiences for the children under
their purview. As a result, there have been increased incentives for companies to sell their
products to public schools, despite the availability of research-based pilot programs (Rani et
al., 2015). Further, research is often conducted by the company attempting to distribute its
product, which has ethical concerns (Hubalovsky et al., 2019). Many school districts are
changing from the traditional style of mathematics instruction to one that is much more
personalized without objective research to support such a pedagogical shift (Bergman &
Chan, 2019). Thus, there is a crucial need to investigate the effectiveness of adaptive learning
software by an individual who has no ties to a company and is not employed by an
organization that creates intelligent tutoring software for entrepreneurial gain (Rashid, 2019).
Further, there has been little research done that compares students who are utilizing the SLP
to those who undergo the traditional models of instruction within the same district. Such a
quasi-experimental quantitative approach may help educators, administrators, and other
stakeholders make informed decisions that could benefit their school district.

Educational reform often comes with its unique jargon. For the reader, and even
professionals in the field, this such language can be both confusing and difficult to manage.
To ensure there is consistency, Table 1.2 lists key terms, their corresponding acronym, and a
brief definition. These acronyms are utilized consistently in the literature review as well as in
the methodology and results sections. Additionally, these are included in scholarly articles

that address any form of a cognitive tutor.
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Table 1.2

Definition of Key Terms

Term Acronym Definition

Adaptive Control of ACT-R A theory of cognition that focuses on

Thought- Rational memory processes to explain human
cognition and understand how people
organize knowledge and produce behavior.

Assistive Technology AT Equipment (including but not limited to
technological) that increases or maintains
the functional capabilities of a child.

Cognitive Tutor CT A type of Intelligent Tutoring System that
utilizes a cognitive model to provide
feedback to students.

Cognitive Science CS The scientific study of the mind and its
processes.

Computer-Assisted CAI An instructional technique where a

Instruction computer is used to present the material
and monitor learning.

Depth of Knowledge DOK The comparison of the complexity of
thought required of students within
standards and assessments.

Intelligent Tutoring Systems ITS A computer system that provides
immediate or customized instruction or
feedback to learners without requiring
human interventions.

Knowledge Space Theory KST A psychological framework for the

adaptive assessment and teaching of
knowledge.

Limitations and Ethical Consideration

There are several limitations of the study which must be addressed. First, the

experimental group only contains students in grades nine through eleven, so the results of the

study can only be generalized for the sample population of students. Currently, other
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measures that may gauge student success, like high school graduation rate, remediation in
college, or college graduation rate, were not considered in the scope of the study. A second
limitation is the Intelligent Tutoring System itself, as the results of the study are limited to
the SLP and cannot be transferred to other ITS models utilized throughout the nation.
Additionally, the findings of this study cannot be used to make claims about the effectiveness
of blending learning models, as more schools attempt to differentiate through the
incorporation of technology into the classroom environment. Further, because various
statistical tests were used to analyze the data in the study, there is potential for researcher
error within data analysis. By utilizing SPSS Statistical Software and its subsequent results,
this possible error was mitigated. A final limitation is the data collection process. Due to the
Novel Coronavirus (COVID-19) Pandemic, data were not available for the 2019-2020 school
year. Moreover, students who elected to be virtual students were reclassified in the district’s
student information system, convoluting the process to organize data appropriately by control
or treatment group. These factors, combined with the fact that the treatment group has added
a single grade level since 2017-2018, means only data gathered from students in grades nine
through eleven were able to be used.

In addition to the limitations of this study, student data were used from the high
school and school district that employs me, so other ethical considerations need to be
addressed. First and foremost, all measures were taken to ensure student privacy via the
Family Educational Rights and Privacy Act (FERPA). Further, all markers of individual
students were removed so I could only classify students by demographic fields, such as
gender, race/ethnicity, and income status. These steps, conducted by central office

administration, make it impossible to discern students simply by their data. Also, the tests
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being utilized have a great deal of research demonstrating both validity and reliability in their
assessments (ACT, 2018; NWEA, 2018). Although the tests are both reliable and valid, there
is still an ethical concern that there is geographical bias in testing or that test scores could be
impacted by cultural differences (Epstein, 2019; Gonzalez Canche, 2019). Finally, before
collecting any student data, I completed the requisite modules in the Collaborative
Institutional Training Initiative (CITI) program and received Institutional Review Board
(IRB) approval for the study. Further, a respect for persons and beneficence were
demonstrated, and procedures were observed that promote and protect justice, as defined by
the Belmont Report (1978). The steps taken helped to mitigate the ethical considerations that
may be a topic of concern by others in the field.
Organization of Chapters

Chapter 2 reviews the relevant literature to provide a rich overview of contemporary
trends in mathematics education. This gives a better understanding of how mathematics
pedagogy has shifted throughout the past century, which is critical to determining how to
overcome the existing barriers to reform mathematics education. Historical institutional
structures and their seemingly permeance in contemporary schools contribute to gaps in
achievement and opportunity. Central to these reform efforts is combating the existing
ideology that the cognitive domain should take precedence when dealing with educating
students. Laying out the framework to the creation of the Summit Learning Platform,
historical successes and failures of other ITS models are described. Within this section is a
more detailed analysis of KST and ACT-R, where additional details help explain the
importance of estimating what a student knows and why software must interact successfully

to supplement traditional classroom instruction. The concluding section of leading the change

22



highlights the styles of leadership that educational professionals must embody to successfully
institutionalize personalized learning models within a school district. Chapter 3 describes the
research design and the appropriation of various statistical methods to test each of the
hypotheses. In Chapter 4, the results of the study and analysis of the data provide the reader
with a detailed overview of the quantitative basis behind the research. Finally, Chapter 5
includes discussions of findings, provides conclusions and implications, and closes with the

relevant limitations and recommendations for future research.
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CHAPTER 2

REVIEW OF LITERATURE

This chapter is organized to provide a thorough review of the literature relevant to the
field of study and add to the significance of the research while concurrently analyzing the
relevant research in the field. The chapter begins with an overview of contemporary trends in
mathematics education and describes the skills gap, movement toward standardization and
accountability among schools, achievement gap, and mathematics achievement. This section
is followed by instructional changes to mathematics over time with blended learning as a
pedagogical practice. Next, learning domains of cognitive, affective, and psychomotor
domains are discussed at length, with a critical lens regarding the focus of nationwide
reforms as they relate to the domains of learning. Later, the chapter includes a discussion of
the theoretical framework of personalized learning, which includes the interaction of
Knowledge Space Theory (KST) and Adaptive Control of Thought (ACT-R) and how these
combines to produce an effective Intelligent Tutoring System (ITS) model. Finally, a
comprehensive analysis of transformational leadership and instructional leadership discerns
how to effectively implement educational technology to contribute to the narrowing of the
achievement gap.

Contemporary Mathematics Trends in American Public Education

The transition to an implementation of educational technology has been an arduous
journey, and to better understand some of the obstacles that currently exist, trends in
mathematical education must be explored. First, the historical context of public schools is
discussed; past institutional structures and their seemingly permeance in contemporary

schools contribute to gaps in achievement and opportunity. Next, the skills gap and global
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competition is presented to include issues related to standardized testing and accountability,
achievement gap, and mathematics achievement.
Historical Context of Public Schools

The common school movement, stimulated by Horace Mann from 1820 to 1850, was
viewed as a way to form the character of the nation through an emphasis on a “theory of the
appropriate character of a democratic economy and the role of education in sustaining that
economy” (Persky, 2015, p. 254). Before the movement, schools reflected class, religion,
ethnicity, race, gender, and regional differences. The Protestants operated their own
elementary school systems and Germans had maintained schools for generations. Further,
White Southerners believed that the government had no right to intervene in the education of
children or the larger social order (Anderson, 1988). Hence, schools flourished the most in
the Northeastern colonies; in the South, there were limited interest to educate the laboring
class (Spring, 2017). While free schools in the city were designed for the poor, the upper
class tolerated the idea of pauper education as a charity for poor White children but was
against state supported education. The Lancastrian system, developed for pauper boys and
the Sunday school, was one day of the week to inculcate poor children with Protestant
civilization (Nasaw, 1979). Generally, Whites who could afford private schools preferred to
send their children to these institutions or hire private tutors.

Nineteenth century paupers who were White and given remedial attention were
believed to have the capacity to be cured of the character defects passed along by their poor
parents (Nasaw, 1979). Blacks and Indians were also poor, but because their poverty was
derived from different characteristics regarding notions of civilization (Adams, 1995), the

quality of their institutional rehabilitation was different. “And since, by law of historical
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progress and the doctrine of social evolution civilized ways were destined to triumph over
savagism, Indians would ultimately confront a fateful choice: civilization or extinction”
(Adams, 1995, p. 6). The Negro, characterized as violent, low intelligence, and immoral,
stood at the bottom of civilization (Garo, 2018; McLaren, 1995; Pilgrim, 2012; Spruill, 2016;
Woodson, 1990).

Most Blacks were enslaved on plantations and kept in their places by laws, customs,
and social practices (Corder & Quisenberry, 1987; Mintz & Stauffer, 2007). Corder and
Quisenberry (1987) reported that by 1840, only 15 schools educated enslaved Blacks in the
South. While the Sabbath school was more formal, the other type of education available to
slaves was the clandestine or midnight school. Education was one of the foremost aspirations
of many slaves; often assisted by Whites, they were willing to risk the wrath of their owners
and lives to become educated. Although the Northern states did not have explicit laws, social
practices kept Blacks in segregated institutions; several states, Ohio, Illinois, and Oregon,
established laws that kept free Blacks from entering the states (Nasaw, 1979).

Indian children were institutionalized, taken away from their families to ensure that
they would not be influenced by the tribal home (Takaki, 1993). From the initial campaign to
“Kill the Indian, Save the Man,” (Bess, 2000, p. 8) which described Pratt’s famous slogan for
educating Native Americans, the first boarding school was established at Carlisle,
Pennsylvania in 1879. Colmant (2000) described the boarding school as designed to
assimilate students into the European-American culture — a form of civilization. By forcibly
removing children from their environments, the experience for students was harsh to say the
least, as they had to endure substandard educational practices and conditions (Dlugokinski &

Kramer, 1974; Running Bear et al., 2018; Zephier-Olson & Dombrowski, 2020).
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The United States and Mexico signed the 1848 Treaty of Guadalupe Hidalgo that
ended the Mexican American War, and the US acquired a significant portion of Mexico’s
land. The treaty “signaled the beginning of decades of persistent, pervasive prejudice and
discrimination against people of Mexican origin who reside in the United States’” (San
Miguel & Valencia, 1998, p. 353). For the most part, Mexican children were segregated in
“Mexican schools” and experienced Jim Crow discrimination like that experienced by Blacks
(De Ledn & Calvert, 2013).

The common school was achieved due through the mythological development of a
nation that entailed “a seedbed of republican virtues and democratic freedoms, a promulgator
of individual opportunity and national prosperity, and national prosperity, and an instrument
for social progress and harmony” (Adams, 1995, p. 18). Horace Mann, the major proponent
of the common school, sought to build a system that would teach the basic principles of a
republican form of government needed for individuals to acquire the beliefs and behaviors of
good character. Tyack and Cuban (1995) assert that “from the Revolution onward,
educational theorists have self-consciously used schooling to construct the citizens of that
new order” (p. 2). The citizens of the new nation were Protestant and White and other
racial/ethnic groups were viewed as not fit to be citizens.

Based on what he had learned from Prussia’s application of “common schools,”
Mann grouped students by age rather than aptitude and implemented the lecture model of
European universities (Mann & Fowle, 1839). This structure was created to facilitate the
lecture model of curriculum delivery, which was able to maximize efficiency on multiple
fronts (Kaur, 2011). The utility of the lecture model was evident, as it could be incorporated

in nearly any physical space with a maximum number of students. Moreover, it reinforced
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conformity to the White culture and forced assimilation (Salomone, 1996). De Witte and
Lopez-Torres (2017) researched the connection between the economics and efficiency of
education and determined that when schools are organized in such a way where the financial
implications of education are placed at a higher priority than student learning, achievement
levels decrease, as measured by the National Center for Education Statistics (NCES).
Further, there is an imbalance to the focus on all student learning domains, as reform efforts
typically are limited solely to the cognitive domain, which seemingly addresses the standards
of learning measured by standardized testing. Another consequence of common schools was
its rigidity, as the lecture model did not allow for differentiation and students’ individual
needs were not considered. The child was viewed as a product of an educational business,
and if a student was unable to learn a particular subject, then it was the teacher’s duty to keep
moving forward (Kaestle, 1983). The rigid structure of common schools, combined with a
constructed environment with limited resources, had a damaging impact on minoritized
groups.

The expansion of schooling in the new nation, through common schools, was aimed
at establishing a dominant culture that became a method for Americanizing immigrants and
other cultural groups (Caruthers, 2007). The common school movement served as a buttress
for these ideas and produced schools that have remained stable in purpose, core operations,
structure, and curriculum (Darling-Hammond 1997; Spring 1997, 2017; Tyack & Cuban
1995; Tyack & Hansot 1982). As public schools grew across the nation, this goal promoted
tensions among Indigenous People, African Americans, and other marginalized groups

regarding education. A major way of promoting the goals of the common school was through

28



teacher training programs that promoted ideas about efficiency, resembling expectations of
industry (De Witte & Lopez-Torres, 2017; Kaur, 2011; Taylor, 1947).

Schools soon expanded to emulate an industrial society using the principles of
Taylorism from Taylor’s (1947) Principles of Scientific Management, first published in
1911. The primer of managerial techniques was applied in industry and other American
institutions to promote efficiency and productivity. The argument was schools could improve
by using the “principles of social functionalism, efficiency and productivity, individualism,
and expertism” (Goodman, 1995, p. 23) to change curricula and institute new management
systems that reflected corporate values, dominant social practices, and individualistic goals.
School educators took pride in emulating the practices of business, and the dominant social
practices became barriers for non-White students, further supporting historical and
institutional racism.

The widespread application of teacher training programs and a universal public
education across all states led to the development of the factory model school (Darling-
Hammond, 2000). Such an industrial approach to education was the perfect fit for the
beginning of the twentieth century due to the plethora of manufacturing jobs that did not
require advanced training and higher-order skills. Since the early 1900s, however, the job
market has changed drastically. With advancements in technology, robotics, and automation
on a global scale, there is no longer a need for a high volume of unskilled workers. To remain
competitive, the expectations of what a worker must be able to do have increased
exponentially, and a college education is commonly required; however, for some

marginalized students, college equal education remains unattainable.
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The Brown vs Board of Education (1954) decision launched the desegregation era and
became a catalyst for change in race relations in the larger society; an assimilationist vision
during the 1950s and 1960 that ran its course with the decease of desegregation decrees
(Brown, 2004). Today, many marginalized students remain in segregated settings despite the
efforts to desegregate schools. Vasquez Heilig et al. (2019) performed descriptive and
inferential analyses of publicly available Common Core of Data (CCD) to study segregation
at the local, state, and national levels. Findings suggest Black and Latinx students attend
intensely segregated public schools. Yet, the following status of charter schools was
significant to their examination:

A majority of states have at least half of their Black students and a third of states’

Latinx charter students are enrolled in intensely segregated schools. At the city level,

we find higher percentages of charter students were attending intensely segregated

schools than urban students enrolled in public schools. (p.12)

In the face of dynamic societal changes, the factory model of education has remained
relatively unchanged since its inception over 150 years ago (Zoch, 2004); compounded by
segregated schools for Black and Latinx students. Lewis, et al. (2015) put forth a convincing
argument for the reality of integrating schools within an environment where even with good
intentions, “racial hierarchies are perpetuated” (p. 34) and many scholars view segregated
schools as indicators of inequalities.

This persistent structure of schools has resulted in a skills gap among US students.
Although it may be rooted in a variety of causes, the current skills gap has led to a
heightened sense of global competitiveness, often quantified through the utilization of

standardized testing (Coburn et al., 2016). To improve its rankings among peers, the United
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States has developed policies at the local and federal level to increase accountability. Hence,
the most recent authorization of Every Student Succeeds Act (ESSA) (2015) with an
emphasis on college preparedness for all students. Bauman et al. (2019) investigated the
results of the shift in focus and its impact on marginalized students. The researchers used
semi-structured interviews with a variety of students of racial/ethnic backgrounds to
determine the circumstances under which these students experienced success in college.
Ultimately, they found that Black students were half as likely as White students to attain a
four-year degree and Latinx students were a third as likely as White students to attain a four-
year degree (Bauman et al., 2019). These data, and their consequences, are presented in
subsequent sections.
The Skills Gap and Global Competitiveness

Successful performance in a job is inextricably linked to mathematics proficiency. In
entry-level jobs and occupations requiring formal educational attainment, computerization
and information-processing demands are making numeracy skills a prerequisite (Heisig &
Solga, 2015; Steedle et al., 2020). Further, countries that have a higher percentage of workers
with numeracy and literacy skills have a positive association with economic performance,
growth, and innovation (Heisig & Solga, 2015; Toner, 2011). The next generation of workers
need to be prepared for this shift, so many high schools and community colleges across the
nation have begun to incorporate job-related skills into their curriculum. According to
Andrews and Aydin (2020), the best approach to incorporate such changes is to further
develop teacher training programs. In a mixed-methods study involving 20 teachers and
multiple institutions, training programs that helped students understand roles in their

communities raised motivation and self-efficacy levels, as measured by survey data. The
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researchers determined that educational technology that could interact with technology the
students already used was an effective way to integrate some of these changes into the
curriculum as it currently exists. Critics argue that such an investment has an immense
challenge, as technology changes so quickly that many skills crucial in the labor market
today become obsolete within a generation (Dotong et al., 2016; Martz et al., 2017). Despite
the increased focus, employers have expressed dissatisfaction with workers’ lack of
proficiency in problem-solving and mathematics skills, which permeate every quality of a
successful worker (Martz et al., 2017).

The lack of certain skills has also been highlighted in recent comparisons to other
countries. In 2016, the Organization for Economic Cooperation and Development (OECD)
reported that the Program for International Student Assessment (PISA) ranked the United
States 40th out of 73 countries in a norm-referenced, comparative assessment of mathematics
aptitude. Further, the Trends in International Mathematics and Science Study (TIMSS)
indicated that the United States, although improving achievement over the 20-year study, still
ranks 10th out of 38 countries, with only 10% of students earning an “advanced” mark on the
assessment given (National Center for Educational Statistics [NCES], 2017, para. 2). TIMMS
data have been collected from students after fourth and eighth grades since 1995, and the
United States have participated in both 1995 and 2015 assessment periods. According to
NCES (2017), the assessment has proved to be both reliable and valid for gathering
information about student achievement in mathematics and science.

Participation in 2015 was especially beneficial to determine how the United States
compared with students from other countries, as data extended to mathematics aptitude in the

final year of secondary school across countries and included over 580,000 students in 57
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nations around the world. Although there have been positive gains, as demonstrated by
community colleges that provide “workforce training programs ... [that] require basic and
sometimes advanced STEM skills,” the gap between the United States and other countries
has not closed quickly enough for politicians at the state and federal levels (Lowry, 2017, p.
47). Interested in addressing the skills gap as quickly as possible to provide future
generations of workers the training needed to make them globally competitive, lawmakers
have sought to increase academic rigor while holding schools more accountable. Federal
programs and curricular changes like the Common Core State Standards, which have been
adopted in 42 states, attempt to raise student achievement by influencing how teachers teach
and how students learn (Coburn et al., 2016; Hodge et al., 2017); which has increased
accountability initiatives and standardized testing.
Standardized Testing and Accountability

The biggest piece of legislation that created accountability for school districts was the
No Child Left Behind Act of 2002 (NCLB). Although NCLB caused many issues for
schools, including setting unattainable goals for the districts, it went a long way in providing
standardized procedures for analyzing performance. Oft criticized, the NCLB mandated an
adequate yearly performance on a variety of accountability measures and a final goal of
100% proficiency by 2014. The NCLB was far from perfect and contained unreasonable
targets, but there was accountability for groups of students who had not traditionally
performed well in schools. Teachers must help them meet the school’s target, or these
students could be given the option to transfer to another school district (NCLB, 2002).

Before NCLB, state tests were not given annually, non-norm referenced, and there

were no consequences to repeated poor performance. Consequently, Linn et al. (2002)
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reported that underrepresented groups were given fewer resources, inexperienced teachers,
and provided less support. Further, states did not disaggregate test scores by ethnicity or race
prior to the NCLB, and some states did not even disaggregate data by graduation rate (Linn
et al., 2002). Regardless of its impact, NCLB provided schools with the tools they needed to
begin to analyze inequity that occurred during their watch. Put simply, the nation began to
get explicit evidence of how poorly underrepresented groups of students were doing on
standardized tests in comparison with their same-aged peers, based on the National
Assessment of Educational Progress (NAEP) (2017). There was a downside to the structure
of the NCLB, as arbitrary scores were placed at a higher level of importance than equitable
education (Steinberg & Quinn, 2017). Such a reality created a structure in which the NCLB
was doomed to fail, as districts were held accountable for test results that were not supported
by public policy. As a result, the era of NCLB came to an end and was replaced by a new set
of federal policies.

In 2016, the Race to the Top (R2T) initiative and Every Student Succeeds Act
(ESSA) refined some of the problematic statutes of the NCLB and refocused on the
preparation of all students, regardless of race, ethnicity, or socioeconomic status, requiring
schools to offer college and career counseling and advanced placement (AP) courses to all
students (ESSA, 2015; United States Department of Education, 2009). R2T sought to
financially support schools in the creation of personalized learning models that engaged
students in their interests and provided connections to potential career paths while
emphasizing interventions that could be implemented within the lowest-performing schools.
The ESSA legislation took one step further and put inequity and social injustices in the

limelight and encouraged school districts to implement reforms that could help all students

34



be successful, especially those traditionally underserved. Although they are not all-inclusive,
these laws laid the groundwork for schools to task administrators to incorporate
accountability into their evaluation procedures of teachers. Part of the evaluation progress
still includes high-stakes testing. As in previous legislation, mathematics acted as a “gate-
keeping” content area, so a high level of accountability continues to be placed on narrowing
the achievement gap that exists on standardized assessments. Milner (2012) argues that
standardization of policies and practices “suggests that all students live and operate in
homogeneous environments with equality and equity of opportunity afforded to them” (p.
694). Further, Ravitch (2016) reversed course of two of her more prominent beliefs in light
of the racial bias and institutional racism that results from standardized testing. The first of
these beliefs were the adoption of free-market business practices within the educational
system, and the second was the use of assessment as the main assessment tool of student
learning. Despite her advocacy throughout her career, Ravitch now argued these ideals
increase the achievement gap due to implicit biases.
Achievement Gap

Educational agencies at the local, state, and federal levels have made innumerable
attempts at reforming public education and poured countless dollars to address a single issue:
narrowing the achievement gap. The National Assessment of Educational Progress (NAEP)
states that “[a]chievement gaps occur when one group of students (such as students grouped
by race/ethnicity, gender) outperforms another group and the difference in average scores for
the two groups is statistically significant” (2017, para. 1). Although low achievement in
mathematics is an issue for all students, minoritized groups in the United States seem to fail

at inequitable rates (NAEP, 2017). As highlighted in chapter 1, mathematics is one of the
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most scrutinized content areas because it is tied to district funding and scholarships through
students’ results on standardized tests. However, only 23% of twelfth graders scored at
proficient on standardized mathematics tests (NAEP, 2017). Flores (2007) reported that “...
91% of African-American and 87% of Latin[x] students are not proficient in mathematics”
(p. 30). More recent studies indicate that this percentage has not changed and have found
schools use implicit tracking in mathematics that prevents students from receiving the
mathematics content they need to perform well on standardized tests (Bancroft et al., 2017;
Kotok, 2017; Malone et al., 2020).

As indicated by NAEP (2017), public policy has attempted to address the
achievement gap, but the problem is not a new one. Due to school desegregation, Black
students have been scrutinized more than any other group regarding achievement and their
status in society (Coleman, 1966; Edmonds, 1982; Irvine, 1990, 2010; Lezotte, 1997,
Ladson-Billings, 2006, 2009; Milner, 2013, 2017). A google scholar search using the terms
Asian American or Asians in public schools yielded 5,630,000 sources; Hispanic, Latinx and
Mexican American terms produced 1,195,400 sources; and African American and Black
students in public schools resulted in 6,390,000 sources.

The Equality of Educational Opportunity Study (EEOS), commonly referred to as the
“Coleman Study,” found there was a significant gap in the achievement scores between
White and Black children by first grade. This achievement gap only widened as students
progressed through school, with White students demonstrating much higher levels of
proficiency than their Black counterparts (Coleman, 1966). The authors of the Coleman
Study also analyzed segregation among public schools and observed that almost 80% of all

White pupils from first to twelfth grades attended schools that were 90 to 100% White, and
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more than 65% of all Black pupils in the first to twelfth grades attended schools that were
between 90 and 100% Black (1966). Coleman’s seminal work created a new wave of
research to determine if the assertion that schools were ineffective at breaking the poverty
cycle was factual. Edmonds set out to demonstrate that high poverty schools can be effective
and studied the characteristics of these schools to determine qualities that could be replicated
elsewhere (Johnson, 2016). By analyzing the common characteristics of effective schools,
regardless of race or socioeconomic status, several correlates of effective schools were
identified: strong instructional leadership, strong instructional focus, high expectations from
teachers, frequent monitoring of achievement, and a safe and orderly school (Edmonds,
1982; Lezotte, 1997; Robinson & Lewis, 2017). Although Edmonds and the researchers who
followed him presented an alternate view that juxtaposed Coleman’s work, the stark reality is
data from more recent studies have not shown any marked improvement.

de Brey et al. (2019) using data from the National Center for Education Statistics
(NCES) reported on the status and trends in the achievement of students. The authors report
the gap in fourth-grade reading narrowed between White and Black students from 32 points
in 1992 to 26 points in 2017. In math, the gap narrowed from 32 points in 1990 to 25 points
in 2017. Among White and Latinx fourth grade students in reading the gap in 2017 was not
significantly different than 1992, 19 points. For math, measures were the same as reading.
The White and Latinx gap of 19 points in 2017 was the same as 1990.

de Brey et al. (2019) show for eighth grade students the gap narrowed in reading
between White and Latinx students as they progressed through the grades, from 26 points in
1992 to 19 points in 2017. However, the White and Latinx gap at grade 8 math was 24

points in 2017, the same as 1990. Similarly, for eighth grade Black students reading gaps did
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not close with 25 points in 2017, not different than 1992. For eighth grade Black students, the
gap in math began to close between White and Black students, 25 points in 2017 and 32
points in 1990. Gutierrez (2008) cautions educators against “gap-gazing” (p. 357) and the
danger in watching numbers without a more thorough investigation of the issue. Gutierrez
(2008) described the problem of gap gazing:
These dangers include offering little more than a static picture of inequities,
supporting deficit thinking, and negative narratives about students of color and
working-class students, perpetuating the myth that the problem is a technical one, and
promoting a narrow definition of learning and equity. (p. 358)
What is not part of the analysis of the gaps are the reasons for them. Some scholars have
explained that group stereotypes can threaten how students evaluate themselves, which then
can alter performance and in a larger sense, academic identity (Steele, 2003). Others have
demonstrated that the issue as an opportunity gap surrounded by microaggressions and
stereotypes of marginalized students that have resulted in learning outcome disparities (Irvine,
2010; Milner, 2013). Irvine (2010) described gaps that need to be closed:
Gaps include the teacher-quality gap, the teacher-training gap, the challenging
curriculum gap, the school-funding gap, the digital-divide gap, the affordable-housing
gap, the health care gap, the employment-opportunity gap, the school-integration gap,
and the quality child-care gap. (p. xii)
Milner (2012) suggests that “while achievement gap discourse in education usually focuses
on students’ scores on standardized tests, it also concerns student graduation rates, patterns in

gifted and advanced placement, and other measurable outcomes that allow for comparisons
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between groups of students” (p. 694). Ladson-Billings (2006) provided a broader
explanation of the achievement gap, resulting from multiple failures.

Ladson Billings (2006) depicted the gap as an “educational debt” (p. 5) due to an
achievement gap stemming from historical, economic, sociopolitical, and moral decisions
and policies. She provided the following description of the educational debt:

e The lack of an universal secondary education for Black students until 1968, the
experiences of the assimilated Indian who completed boarding school could only
attend historically Black colleges, and the exclusion of an equitable and quality
education for Latinx students as seen in such cases as Mendez v. Westminster and
the Lemon Grove Incident. (pp. 5-6)

e Inequities in funding between suburban and urban schools communicates the value
placed on different groups of students. Historically, with the lack of schools for
many communities of colors, Whites were not prepared to invest money to provide
schools for marginalized students, viewed as “strange others” (p. 6).

Additionally, disparities in education also translates to decreased earning power and

reflect the achievement gap:

e The sociopolitical debt as depicted in the disenfranchisement of Black, Latinx, and
Native communities influenced their civic engagement and legislative
representation. Their efforts to fight for a quality education for their children has
not been successful. Affirmative action benefitted White women and aided the
formation of the Black middle class. No bold policy actions have been taken on
behalf of Black, Latinx, and Native communities (p. 7).

e Finally, Ladson-Billings wrote a moral debt “reflects the disparity between what
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we know is right to do and what we actually do” (p. 8) and the honor people owe
each other. “But how do we recognize the debt we owe to entire groups of people?
How do we calculate such a debt?”” (p. 8). She suggested the greatest moral debt is
to the indigenous people whose children continue to drop out of school more than
any other group.

As described in the previous section, African Americans experienced hundreds of
years of enslavement, laws preventing them from being able to obtain formal education, and
a racially motivated implementation of modern-day laws have prevented any semblance of
equity (Aghion et al., 2009; Blackwell, 1975; Span, 2015). These institutional structures were
designed to prevent equitable access to the economy and to society, and the legacy of slavery
is the degree of inequality that exists, as counties in the United States that were more heavily
affected by slave labor are more unequal, not poorer in the present day (Anderson & Span,
2016; Bertocchi & Dimico, 2014). Dumas (2014) maintains that, “for many black children
and families in the United States, Britain, and elsewhere, schooling is a site of suffering
...that we have been least willing or able to acknowledge or give voice in educational
scholarship and...educational policy analysis” (p. 2).

Latinx individuals represent deep roots in New Mexico from the 1500 to recent
immigrants from Central America with variations in social class, generations, national
identity, and versions of the Spanish language (MacDonald, 2004). While immigrants such as
northern Europeans have been welcome in America and “integrated with full citizenship into
the U.S. polity” (MacDonald, 2004, p. 307), people of Spanish descent have fought for

freedom of speech, the right to assemble, and to obtain equity in schooling for their children.
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Villenas (2012) asserts that Bilingual students are often viewed through a deficit lens
and described as linguistically “‘limited immigrants’ in federal education policy”.
Additionally, several kinds of policies and perspectives marked the late 20" century related
to the education of Latinx children; English only policies, the view that multicultural and
affirmative action expanded opportunities for White people, and California’s proposition 187
which stimulated the idea that undocumented immigrants exploit educational and health
services taking resources from the “deserving true natives” (p. 13). The 21st century brought
a backlash against ethnic studies and Mexican American studies with Arizona’s Bill 2281
and Latinx’s children’s education continue to be fought within a global society that requires a
new set of complex skills (Villenas, 2012).

Even after efforts of desegregation were implemented following the litigation of
Brown vs. Board of Education (1954), schools were not able to provide an equitable
education for many Black and Latinx students (Allen-Haynes et al., 2003; Notten, 2009;
Orfield et al., 1997). Moreover, due to economic issues within districts, White flight, and a
high concentration of underrepresented groups of students living in urban areas, there is still
an uneven distribution of White and non-White students across all public schools (Gorard &
Fitz, 2000; Owens et al., 2016). For almost 200 years since the birth of the United States,
schools were segregated across the country, and research indicates that it has increased since
1990 (Djonko-Moore, 2016; Walker, 2000). According to Carnoy and Garcia (2017), there
are several consequences, and as previously noted, schools that are highly segregated by race
and socioeconomic status are more likely to have students who fall behind in mathematics
achievement, as measured by longitudinal data from 1996 to 2013 on the National

Assessment of Educational Progress (NAEP). Even when looking at schools that are
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desegregated, issues like tracking further segregates minoritized groups within the
educational system (Vivian, 2017). New research has also indicated race and social class may
interact with gender, causing damaging effects on the academic performance of Black boys
(Carnoy & Garcia, 2017).

According to a recent study, nearly one out of every five schools enroll most non-
White students, up from one in 20 in 1988 (Cookson Jr. et al., 2018). Segregation and
achievement seemingly go hand in hand, as demonstrated by a 2011 study, which found
Black students scored 30 points lower than their White peers on a NAEP grade eight
mathematics test, and the large gap was attributed to how schools distribute their resources
internally and treat students (Bohrnstedt et al., 2015; Flavin & Franco, 2020). This study
analyzed nationwide school characteristics from the 2010-2011 school year to explore the
associations between a student’s race and their achievement level as measured by NAEP.
Ultimately, Bohrnstedt et al. (2015) posited that the difference in achievement gap may be
caused by an uneven distribution of key resources, lower expectations by teachers, tracking
of Black students into remedial courses, and schools with a higher percentage of
marginalized students tend to have higher shares of low-socioeconomic status students.
Further, research has shown that due to multiple generations of struggle with socioeconomic
status due to institutional barriers, underrepresented groups of students are still concentrated
in high-poverty, low-achieving schools, while White students are more likely to attend high
achieving, affluent schools (Flavin & Franco, 2020; Frankerberg et al., 2003; Orfield &
Frankenberg, 2014). In addition to these examples of how trends have historically shifted,

there are further inequities that exist for mathematics achievement.
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Mathematics Achievement

Whether the achievement gap is one of success or access, public officials began to
address the problem through policy changes that encourage school choice to combat a
growing achievement gap. Unfortunately, this seems to have taken more resources out of the
hands of underserved communities, as both charter and private schools are highly segregated
by race (Whitehurst, 2017). Even within communities and demographic groups, there are still
difference in mathematical achievement levels. For example, female students are more likely
to hold negative attitudes toward mathematics, even at an early age (Froiland & Davison,
2016). Further, Ellison and Swanson (2018) posit that such a perception leads to lower
achievement levels, as fewer females make significant gains in mathematics when compared
to their male counterparts. Similarly, attitudes and lack of qualified educators in rural
America seem to contribute to a growing divide in the academic performance of students
(Irvin et al., 2017; Makur et al., 2019). Although issues of equity and student performance
are tangled throughout history, an important focus must be on the improvement of schools.

According to Gillborn et al. (2017), progress has indeed been made to improve
student test scores. However, a common misconception is that all students share the benefits
of improving achievement levels, but the reality is that White scores are moving faster
(Robinson, 2010). For example, a study of 8,315 students across geographic locations
demonstrated that Black students maintained considerably lower mathematics and reading
scores on standardized tests than White students, even though overall test scores increased on
average for the schools (Assari et al., 2021). Although the researchers attributed this to
parental education within the study, they also acknowledged confounding variables like

socioeconomic status, teacher-student relationship, and teacher effectiveness. Despite the
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research that indicates several root causes of the mathematics achievement gap, several
strategies have proven effective. First, instructional lessons need to be culturally responsive,
and educators must recognize that children learn about the world in the context of their own
cultures (Dee & Penner, 2017; Gay, 2013). To meet the varied needs of diverse learners,
technology and digital learning have been able to provide personalization that differentiates
instruction. Such a personalization leads to increases in student achievement not necessarily
measured by standardized tests but rather the skills and concepts that use culturally
responsive teaching to encourage students to be lifelong learners (Gay, 2013). As more
schools utilize educational technology within their curriculum, Chuang (2016) confirmed that
in order to utilize the elements of culturally responsive teaching that help students feel a
connection to the material, schools need to personalize the learning process in a way that
provides opportunities for interaction with the technology students are already using.

A key aspect of personalized learning, especially in mathematics, involves the
flexibility for students to practice emerging skills by selecting the resources they need for
support (Featherstone & Bayley, 2013). However, to support such a pedagogical trend, there
needs to be a shift from data-driven achievement to culturally responsive practices, and
educational technology may be able to provide the personalization needed to bridge gaps that
currently exist (Fraser & Lefty, 2018). Xie et al. (2019) conducted a systematic review of
articles published in peer-reviewed journals to discern where the trends of personalized
education were heading. After setting inclusion criteria that limited the results to
personalized learning in the education classroom, 70 articles remained. Taking a qualitative
approach, the results demonstrated personalized learning is a key paradigm to educational

technologies, and the categories of affection and cognition are the primary measured learning

44



outcomes (Xie et al., 2019). These results give validity to the current direction of many
districts that have provided technology to their students while moving toward online learning
platforms that allow students to advance through the material at their own pace and move on
only when they demonstrate proficiency in a content area (American Institutes for Research,
2016). Despite the progress, some gaps exist between students of different backgrounds on
tests, access to courses, high school completion, and employment later in life (NEA, 2017).

Students’ difficulty with mathematics did not start in an individual year; rather, the
achievement gap in mathematics seems to widen the longer students remain in school. In
2017, NAEP published “The Nation’s Report Card,” which showed that only 39% of fourth-
graders, 32% of eighth graders, and 23% of twelfth graders scored at the proficient level on
standardized mathematics tests (para. 2). When less than one in four students is proficient in
their mathematics abilities, post-secondary education is greatly affected. As a result, remedial
classes now serve as the prerequisites for a diverse set of academic degrees because students
need to develop application skills while mastering basic mathematical knowledge (Smith et
al., 2015). Unfortunately, the data above demonstrate that an increasing number of
underrepresented groups of students entering college are simply not ready for the academic
coursework, which impacts college graduation rates (Diehl, 2017).

Addressing the increased number of underrepresented groups of students who take
remedial mathematics has been a primary focus at universities nationwide. To improve
students’ skills for college-level expectations and college persistence rates, universities need
to rethink some of their long-standing tenets of education and partner with secondary schools
to create a more focused and relevant curriculum (Edmonds & Squires, 2016; Kaupp, 2017;

Wang et al., 2017). Expanding the opportunity to be able to take college credit courses while
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in high school is a low-cost, feasible approach to accelerate coursework, especially for urban
students. As these students transition to the post-secondary level, using a traditional textbook
and assessment system to judge ability through summative examinations may not accurately
gauge their understanding, so universities have begun to expand how they analyze student
achievement (Blair, 2017). Despite this positive step, no matter how knowledgeable the
instructor, a problem-solving method can only be implemented if the curriculum, textbooks,
and the assessment system respect the value of this approach (Akhtar et al., 2015). All these
realities that exist at the K-12 and post-secondary level point to a significant problem in our
mathematics education: it is broken and must be fixed. The National Council of Teachers of
Mathematics (NCTM) provided a framework of six principles to make mathematics
achievement a reality for all students.

1. Teaching and Learning: Teachers must engage their students in meaningful learning
experiences that provide a personalized approach to education. Further, teachers must
be skilled at using instructional practices that are effective in developing mathematics
learning for all students.

2. Access and Equity: Students need to have access to a high-quality mathematics
curriculum that holds all students accountable and to high standards. Equitable access
means accommodating differences to meet a common goal of learning and ensuring
that underrepresented groups are adequately represented in advanced coursework.

3. Curriculum: An effective curriculum incorporates problems in contexts from both
everyday life and the cultural understanding of students. Further, the mathematics
curriculum must develop interdisciplinary connections among areas of mathematical

study.

46



4. Tools and Technology: An excellent mathematics program includes the utilization of
mathematical tools and technology as essential resources. These tools should be used
to visualize abstract ideas that support teaching and learning.

5. Assessment: Effective assessment should include a variety of strategies and data
sources, provide feedback to students, and guide instructional decision and program
improvement.

6. Professionalism: Educators must hold themselves and colleagues accountable by
consistently working to increase the impact they have on students while supporting a
culture of professional collaboration and continuous improvement. When students can
take classes that interest them and better connect with the community, they are much
more likely to take a personal stake in the classroom content. (2015, pp. 4-5)

The solutions to a broken system are not immediate and face a variety of challenges;
it is crucial to implement a multi-layered approach to support students and their families
holistically by helping school personnel acquire the skills to teach in culturally responsive
ways (Howard, 2019). In addition to restructuring the curriculum and pedagogy to meet the
needs to students, there is both increased pressure on teachers to have students perform well
on examinations and the additional scrutiny on school districts and public universities to
incorporate cutting-edge technology with limited funding, it might seem like an impossible
task. One promising, cost-effective approach involves the utilization of e-learning (Zhang et
al., 2004). Schools that have implemented personalized learning practices are seeing their
underserved populations make greater progress when compared with their peers and students
who started behind are now catching up to perform at or above the national average (Pane et

al., 2015). A major benefit of such programs is a teacher’s ability to analyze data in real-time
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and provide effective, immediate feedback to make instructional decisions (Pane et al.,
2015).

As more research is conducted into how students learn, reforms and initiatives across
the country are continuing their focus on differentiated instruction. Although multiple
attempts at differentiation have been implemented over the last few decades, technological
advances are making it possible for teachers to provide a more personalized approach to
education. Especially in urban schools, students’ diversity presents challenges to the
traditional school model. It is a reality that culturally specific characteristics like language,
family, and social issues are found to be predictive of success and, especially for African
American males, incorporating culturally relevant experiences within the classroom dynamic
is paramount to closing the achievement gap (Patel et al., 2016; Ransaw & Majors, 2016).
There is no longer the possibility of pushing back against the changes that will inevitably
occur; schools must adapt to their clientele. Otherwise, we continue to propagate a system
that believes “knowledge is a gift bestowed by those who consider themselves
knowledgeable upon those whom they consider to know nothing,” further strengthening the
ideology of oppression (Friere, 1972, p. 164). As educational leaders and politicians make
efforts to break the cycle of oppression, they look to teaching methods to aid such
transformation. By no means does pedagogy supersede the importance of building
relationships with students or creating a coherent curriculum aligned with standards that
uphold high expectations, as both of these concepts have proven effective, especially for
disadvantaged students (Demie, 2015; Duckworth & Yeager, 2015). Instead, pedagogy and

classroom structure work with these concepts to provide a rich, rigorous, and supportive
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atmosphere for all students. To facilitate such a shift, mathematics instruction should be
transformed to better meet the needs of each student.
Mathematics Instruction

Educating students requires more than just an adult in a room with a set of standards
dictated by a curriculum. Increasingly, research has indicated that pedagogy, content
knowledge, and differentiation are all crucial to developing mathematical and critical
thinking skills among students (De Corte, 2003; Skoda et al., 2016). In other words, there are
multiple facets of effective instruction. Teachers need to be content experts, pedagogically
knowledgeable, but also have the wherewithal and cultural understanding to reach students of
diverse backgrounds and ability levels. Such a shift away from teacher-centered instruction
brings about two issues that must be addressed. First, schools must find the instructional and
technological tools that allow teachers to ensure students are learning at a level on track with
the dictated curriculum. Secondly, regardless of ethnicity, gender, or any other demographic
marker, the American public education system must ensure that all students are learning at
the same level.

Depending on the classroom, effective instruction can take on vastly different
appearances. Latif (2014) purports there is one-size-fits-all approach to mathematics
education, but to be effective, the curriculum must be guided by a clear set of content
standards that are grounded in a shared vision of teaching and learning. Without such clarity
of understanding, all stakeholders will not be on the same page, and the unfortunate result is
broken gaps in education for students. An important distinction to make on Latif’s work is
that common standards do not correlate to a single instructional strategy (De Corte, 2003).

Instead, teachers can utilize a variety of approaches to meet the unique needs of their
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students, as students in different geographic areas with different backgrounds will require
differing strategies. Although they have the latitude to utilize varying strategies, teachers
must adhere to data-driven practices, as “the most significant factors associated with
students’ mathematical achievement are pedagogical” (Boston & Wilhelm, 2015, p. 835). As
technology changes, effective instruction has been greatly affected, as teachers can analyze
data in real-time, providing immediate feedback that guides the daily lesson. Utilized
appropriately, digital technology can be transformational, enhancing student learning by
developing problem-solving skills, critical thinking, and creativity (Jung & Conderman,
2015; Marpa, 2020; Selwyn, 2016). Currently, one of the most popular shifts in instruction
has been to create a student-centered classroom environment. Rather than being the “sage on
the stage” implementing curriculum materials to students, teachers are now the “guide on the
side,” acting as partners in the facilitation of curriculum materials (Jones & Pepin, 2016;
Pepin et al., 2017). Although the recent changes to instruction have resulted in classroom
environments that are less static with teachers who are more cognizant of effective pedagogy,
the classroom remains inequitable for many students. Technology offers a variety of
solutions, among which includes blended learning.
Blended Learning

For the last decade, blended learning has looked very different depending on the
implementation model, geographic location, and available technological tools. Naturally,
there is often some confusion within the educational world when answering the question
“What is blended learning?” A summary of Horn and Staker’s (2014, para. 3) definition of

blended learning is as follows:
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Any time a student learns, at least in part, at a supervised brick-and-mortar location

away from home and, at least in part, through online delivery with some element of

student control over time, place, path, or pace. The modalities along each student’s

learning path within a course or subject are connected to provide an integrated

learning experience.
Blended learning is not an attempt to replace the teacher. Instead, it is a way to allow the role
between teachers and students to be defined differently to provide a fuller educational
experience. Such a paradigm shift includes moving from teacher-centered to student-centered
instructional strategies.
Teacher Centered Instruction

Throughout the history of American public-school education, the most common
methods of instruction have been teacher centered. Although there are many reasons for this,
the most rational explanation is that it is the cheapest, most efficient way to educate all
children. From the inception of teacher-centered instruction, critics have argued that such an
approach to education creates passive learners who are unable to critically think because the
structure of the classroom discourages the pursuit of learning and individual inquiry (Dewey,
1916). Standardized tests and increased accountability for both teachers and students have
only reinforced the need to present a large amount of information within a prescribed amount
of time. With the pressure that goes along with standardized tests, many teachers feel as if
student-centered models of instruction are not feasible, as they may take extra time and may
not be consistent every year (Serin, 2018). Additionally, findings have indicated that a
teacher-centered approach results in higher achievement overall, especially for emerging

bilingual students whose primary language is not English. (Chall, 2000; Emaliana, 2017;

51



Kassem, 2019). Although teacher-centered instruction can prove to be effective for students
on standardized tests, the landmark work of Madeline Hunter shows a need to provide
students with learning experiences that foster a sense of creativity and critical thinking
(Hunter, 1994). Hunter’s work undoubtedly provided a template for teachers to develop a
rigorous lesson plan, but it also over-emphasized direct instruction which failed to
differentiate instruction and prevented students from having the agency provided through
choice within a lesson or assessment (Stallings, 1985; Kallick & Zmuda, 2016) Further, the
full picture of achievement may not be adequately gauged by a single standardized test, and
researchers remain critical of the assertion that Hunter’s method raises test scores (Ramsay,
1990; Slavin, 1986; Stallings & Krasavage, 1986). Specifically, the studies by Slavin and
Stallings and Krasavage (1986) followed two of Hunter’s schools to see if learning was
affected long-term. The results indicated that student growth may have been tied more to the
competency level of teachers rather than the structured method in which they engaged
students during class time. Ultimately, the researchers cautioned against any wide-scale
implementation of Hunter’s work due to its emphasis on recall and subsequent inability to
engage students in higher-order thinking.

Measuring true student learning requires that students engage and can demonstrate
their understanding. Often, teacher-centered strategies employ choral response under direct
instruction, which does not allow students to exhibit output behaviors; to determine if
students are learning, they need to be able to have a perceivable act of mastery (Hunter,
1994). Rather than using the “tried and true” instructional strategies that have led to a
dominating class culture, instead “think a little about the learners’ cultural identity and about

the respect that we owe it in our educational practice” (Freire, 2005, p.127). As the culture of
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public education continues its trend toward increased diversity, it may be necessary for
schools to move toward a student-centered model that is better able to personalize the
learning experience.
Student Centered Instruction
Throughout the past fifty years, public-school classrooms have become more diverse
and held to increased standards with reforms from the federal, state, and local levels. In order
to create the type of environment students need to achieve at high levels, teachers must take a
democratic approach to education and center instruction on students’ unique needs. The
Education Alliance at Brown University (2018, para. 2) defines student-centered instruction
as follows:
Student-centered instruction differs from traditional teacher-centered instruction.
Learning is cooperative, collaborative, and community oriented. Students are
encouraged to direct their own learning and to work with other students on research
projects and assignments that are both culturally and socially relevant to them.
Students become self-confident, self-directed, and proactive.
By utilizing social strategies within the classroom, students can learn in ways that are unique
to their interests and ability levels while connecting on a deeper level with the community
and those around them. Vygotsky (1978) posited that learning occurs most effectively when
children develop cognitively through interactions with both adults and more knowledgeable
peers. Especially for multi-cultural students, such interactions are even more important, as
they allow these students to learn through experimentation and receive constructive feedback,

both of which are characteristics of critical thinking (Darling-Hammond, 1997).
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Although student-centered instruction can take many different forms, two common
strategies are flipping the classroom and utilizing digital learning tools to create personalized
instruction for students (e-learning). Flipping the classroom essentially changes the way the
daily lesson is structured. Consider a mathematics classroom; instead of traditional
instruction, where students take notes during class and do practice problems at home, that
process is “flipped” (Gilboy et al., 2015). Students are assigned videos to watch or pages to
read, take notes on the material, and come to class ready to work on practice problems. Such
a learner-centered approach allows a teacher to differentiate more easily, as there is
additional time to design class activities using all levels of Bloom’s taxonomy (Gilboy et al.,
2015). Due to the added focus on individualized learning, students in flipped classrooms
experience improved academic performance, especially among those who need more
individualized attention (O’Flaherty, 2015). Although teachers and students have been
successful with flipped classrooms, there are still some critical issues that need to be
explored. Because there is an increased focus on completing work during class, there are
fewer opportunities to provide situations that develop critical thinking; thus, this approach to
teaching may not contribute to building lifelong learning or other skills needed to be
successful in the 21st century (O’Flaherty, 2015).

While every pedagogical strategy has its drawbacks, student-centered instruction
allows for a great deal of individualization. When personalizing the learning process,
researchers posited that student achievement growth exceeded that of a comparison group
and students with lower starting achievement levels experienced growth rates superior to
“on-track” peers (Pane et al., 2015). As more districts are encouraging personalized learning

due to its possibilities and successful track record, the following question must be asked:
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What type of personalized learning has proven most effective? As the technological options
afforded to teachers has increased exponentially over the last decade, more teachers are
attempting to utilize technology for personalization than ever before. Further, instructional
practices that support competency-based learning received positive remarks from teachers,
and more importantly, students were more likely to report that their mathematics instruction
was both student-centered and required complex, higher-order thought processes (Pane et al.,
2015). To investigate these claims, this study sought to determine the impact of educational
technology on mathematics achievement and how digital learning tools can help create
personalized learning environments for ninth grade students. Understanding the nature of
learning domains is significant to the success of personalized learning.
Learning Domains

Throughout the past 50 years, there have been innumerable initiatives coming from
the federal, state, and local levels regarding education. As previously mentioned, the most
recent push has included personalizing the learning process, but what are the variables that
lead to success for some programs and failure for others? Differentiating between the
characteristics that prove most effective is essential, especially when operating in urban
environments that have historically experienced limited resources. Hampered by funding,
how schools deploy instructional resources to provide concrete alternatives to traditional
structures ultimately contributes to increased student achievement, especially in urban areas
(Miles & Darling-Hammond, 1998). Perhaps part of these mitigating factors includes how
schools choose to focus on the three domains of learning.

In Bloom’s (1956) taxonomy of learning domains, research demonstrated that people

learn content through multiple modalities. The study outlined three domains: cognitive,
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affective, and psychomotor. In both the past and present, much of the focus from schools has
been placed on the cognitive domain, as this is most directly related to the content taught in
schools. Increasingly, however, educational research has begun to stress that a balance of
each domain is necessary. For example, in a random sample of 418 students in an
international secondary school, students were given a 13-question assessment to measure
higher-order thinking skills (Saido et al., 2018). In these schools, which were primarily
focused on the cognitive domain, most students were in the lower level of thinking skills.
Moreover, the researchers indicated that students need the opportunity to think like experts in
the field, so they should have the opportunity to be engaged in the real-world application of
the material, as this positively effects student enthusiasm and motivation (Saido et al., 2018).
Thus, as schools continue to increase the utilization of technology, they must be careful that
all domains of learning are supported by the program chosen. An approach that makes use of
students’ strengths and interests is more likely to involve them in partnerships that help all
students achieve their potential (Friend & Caruthers, 2009). Although all the domains are
often attributed to Bloom (1956), his landmark research predominantly addressed the
cognitive learning domain that has been the primary focus of school-wide reforms across the
nation.
Cognitive Domain

Often seen as the traditional purpose of education, the cognitive domain is the avenue
through which nearly all initiatives are implemented. Within the research done on the
cognitive domain, Bloom (1956) developed a taxonomy widely used by educators to classify
the levels of reasoning skills required within a classroom setting. Students traditionally start

on the bottom of a hierarchical pyramid, and the job of the school is to move students up the
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taxonomy as they progress in their knowledge. Without a doubt, Bloom’s taxonomy has had
a considerable impact on educational thought and practice and is widely considered the
guiding light to curricular changes (Seddon, 1978; Stanny, 2016). Due to this importance and
widespread application in teacher preparation coursework across the nation, it is crucial to
understand how each level impacts the learner, regardless of the instructional approach.
Knowledge

In the first level, students demonstrate the ability to recall specific information from a
lesson (Bloom, 1956). For example, memorizing dates in a history lesson or being able to
recite the quadratic formula are examples of students demonstrating their basic recall
knowledge. This first level is critical in developing students’ higher-order learning, as it can
best be enhanced through building a foundation of factual knowledge (Agarwal, 2019).
Although critics argue that there are more effective ways for students to develop the
knowledge base and that emphasis on pure recall does not lead to higher-order thinking
skills, the vast majority of instruction is created to provide a basic level of information for
students to be exposed to proceed to the next level of Bloom’s taxonomy (Verenna et al.,
2018). Once a foundational knowledge has been produced, educators can delve deeper into
the subject matter in order to support increased levels of comprehension.
Comprehension

Being able to recall information may be necessary, but it is vital to be able to
understand the information as well. Within this level, students must be able to interpret
information and make use of the material without seeing its full implications (Bloom, 1956).
This level is often overlooked by well-meaning educators, as students who are familiar with

the school setting have become adept at restating their teacher without adding original

57



thought. For this reason, the role of comprehension on performance level assessments cannot
be understated (Verenna et al., 2018). As schools begin to digitize assessments with the
hopes of analyzing data, accurately creating questions that distinguish between various levels
has been challenging, and there is a greater need to gauge one’s ability to apply the
information learned (Assaly & Smadi, 2015).
Application

Bloom (1956) defined this level as the ability to employ abstractions to explain,
describe, or predict outcomes using concrete situations. In order to make the learning process
meaningful, schools have attempted to incorporate problem-based experiences within the
curriculum (Savery, 2015; Stanny, 2016; Verenna et al., 2018). Unfortunately, many of these
opportunities are forced, creating situations that are not relevant to the student and do not
inspire additional connections to their lives. One of the more promising approaches,
however, involves using team-based learning and collaboration to solve a problem;
moreover, much of this collaboration can and should take place virtually to help students
learn effectively (Quinton & Allen, 2014). As students continue to progress within the
hierarchy of the cognitive domain, they begin to be able to exhibit higher order thinking
skills.
Analysis

This is the first level that students are expected to truly think for themselves using
prior knowledge. According to Bloom (1956), such a stage represents the breakdown of
communication into its individual parts to demonstrate a relationship between ideas.
Developing lessons for the subsequent levels proves increasingly difficult because students

are naturally at different locations due to their ability level, shared experiences, and cognitive
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functioning (Stanny, 2016). As a result, many curriculum writers have thought to simply
incorporate different verbs into the assessments to increase higher order thinking skills. Put
simply, such an approach is not effective because no teacher can adequately differentiate for
each student’s current ability level (Goyal & Rajalakshmi, 2018). For this reason, it becomes
important for schools to seek technological solutions that can provide an easier method of
assessing students and providing immediate, constructive feedback.
Synthesis

After information can be analyzed, the next step includes putting together individual
pieces to form a whole argument (Bloom, 1956). An important distinction is the originality of
such a situation. In short, a hallmark of the synthesis level is to create new meaning or
structure out of an existing body of knowledge. Although not the pinnacle in Bloom’s
original work, revisions by Krathwohl and Anderson (2009) argued that synthesis (creating)
is more indicative of a complete understanding of a topic. Moreover, at the time Bloom’s
taxonomy was developed, there were some weaknesses and practical limitations within the
research. Since publication, additional psychological and educational research and
subsequent theories have supported the alteration of synthesis and evaluation within Bloom’s
original taxonomy levels (Amer, 2006; Verenna et al., 2018).
Evaluate

In the final level of Bloom’s (1956) original work, students are expected to make
judgments about the value of material and methods for given purposes. One of the major
struggles to reach the summit of experiential learning is to create relevant, authentic

assessments in an effective manner (Halupa, 2017). Instructional technology may be helpful
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in combating such obstacles, as it allows students to experience new concepts to provide a
more fulfilling educational process.

Progressing through each level of Bloom’s taxonomy demonstrates an ability to
understand the rigor and relevance of a content area. Moreover, it allows students to develop
their metacognition skills though scaffolding; if students become aware of their thinking
processes, then they will be able to create meaning in the presence of a real problem
(Agarwakm 2019; Goyal & Rajalakshmi, 2018; Holton & Clarke, 2006). To be successful in
all aspects of life, however, the cognitive domain of learning is not self-substantive. On the
contrary, the affective and psychomotor domains include skills that are readily needed in the
workplace (Bandaranaike & Willison, 2015). Moreover, to unlock the vast potential of
cognitive skills, schools need to develop a deeper understanding of the affective domain to
promote the concepts of emotional work and life readiness.

Affective Domain

There is little doubt that being able to grasp the various academic concepts within a
school setting is necessary to achieve success at the secondary and post-secondary levels.
While the cognitive domain impacts the process through which an individual can understand
a topic at a high level, the affective domain is reflective of the values, motivations, attitudes,
and feelings one has toward learning and the educational environment (Hart 1989). All of the
aforementioned attributes greatly impact learning and support the cognitive domain; the
reality, however, is that so much time is spent by teachers and educational reformists on the
cognitive domain that the symbiotic relationship between each of the learning domains is
overlooked (Iozzi, 1989). It was this disconnect that caused researchers to develop a second

domain to explain the successes and failures of certain students. The seminal research from
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Krathwohl et al. (1965) posited that there are five categories that make up the affective
domain: receiving, responding, valuing, organization, and characterization. Each level is a
piece of a hierarchy that is based on internalization, and movement forward creates more
involvement, commitment, and intrinsic motivation for the student. Green et al. (2017)
quantified these categories by conducting research with a control and treatment group at
Preston University. The results from the study demonstrated there was a significant
relationship between affecting learning conditions and students’ academic achievement when
students were able to progress through each hierarchical level.
Receiving

The lowest level of the affective domain occurs when an individual is simply aware
of the existence of ideas in the learning environment (Krathwohl et al., 1965). Although not
sought after as a final piece of understanding, the receiving level is a necessary one, as
information cannot be recalled is it was never received in the first place. During this stage,
how content is projected, and the attitude being observed is crucial to developing a consistent
framework for future levels in the hierarchy (Pierre & Oughton, 2007). Passive interaction
with material does not lend itself to learning, so it is crucial to being to actively incorporate
students into the learning process. Such a goal is accomplished in the second level:
responding.
Responding

Once presented with a stimulus, the next level includes reacting to it in a positive way
(Green et al., 2017; Krathwohl et al., 1965). What distinguishes this level from its
predecessor is the amount of risk it requires of the student. Often, such a response is

completed in a public manner, so creating an environment that supports the beliefs and
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values of all students is crucial to facilitating the progression of this level (Schoenly, 1994;
Krathwohl & Anderson, 2009). Unfortunately, environments that are inclusive of all students
are not commonplace. When only a certain set of students feel rewarded for their behaviors
within a classroom, those who are not rewarded feel isolated; for this reason,
underrepresented groups are less likely to progress past this level of the hierarchy (Benson,
1987). Once an individual can respond appropriately to a stimulus, they can begin to assign it
value.
Valuing

Operationally defining value can be somewhat tricky, and Krathwohl et al. (1965) had
it range from accepting the stimulus for what it was to a level of commitment that included
an intrinsic sense of responsibility. In the educational realm, valuing cannot occur if a
relationship has not been formed; only when there exists mutual respect can each party begin
to value the overall purpose of a content area (Neumann & Forsyth, 2008). Once a
relationship has been established, there is a great deal of potential to improve how all
stakeholders perceive the shift to supporting the affective domain. The ultimate success or
failure during this process is greatly impacted by the kinds of methods teachers use and
whether those methods are direct or indirect (Reigeluth, 2013). After assigning value, a
person can begin to organize their sense of value in an ordinal way; one value is more (or
less) important than another.
Organization

If one were to characterize affective domain skills as higher-order thinking, the
organization level would begin to signify such a shift, as it deals with an individual

considering multiple stimuli, relating them to their current experiences, and then altering
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one’s value system (Krathwohl et al. 1965). Further, it deals with the process of comparing
values to create an order for them. Thus, an intrinsic priority is created based on a person’s
combination of interests, passions, and life experiences. For this reason, it is crucial to
address the affective domain in school. Left to their own devices, students without a feeling
of connection to the school system are more likely to develop a priority that does not support
their educational goals (Tennyson & Nielsen, 1998). In order to sustain learning in the
affective domain, teachers need to hone communication skills; namely, immediacy,
disclosure, assertiveness, and responsiveness can create an affectively based domain
(Rodriguez et al., 1996; Verenna et al., 2018). Like many aspects of life, there is a difference
between knowing and doing. Within the affective domain, the organization acts as the
“knowing” piece and characterization acts as the “doing” piece.
Characterization

This is the highest level in the hierarchy of the affective domain model. Based on the
prior levels, certain values are internalized, and an individual must act following these values
(Krathwohl et al., 1965). In its simplest description, characterization involves living one’s
truth, internalizing what is most important and letting those beliefs guide behavior. For many
students, however, life is about the latest impulse, and basic emotions like pain and fear tend
to take precedent over their educational needs. As social beings in a social environment,
students need the wherewithal to have a common set of beliefs that positively impact the
good of the whole (Carberry & de Rosis, 2008). As educators seek to fully commit to racial
equity and attempt to enact changes that are reflective of the needs of all people, we must
prepare students emotionally for this undertaking (Boylan & Woolsey, 2015). Such a goal is

lofty and can only be accomplished if students have reached the characterization level of the
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affective domain hierarchy. Creating initiatives and reforms that only address the affective
domain is difficult to support, as they initially do not seem to impact student learning or
narrow the gaps of success or access. Despite this perception, student potential cannot be
tapped until we begin to support the emotional well-being of our students and teach them
how to interact empathetically with others. If the cognitive domain is indicative of the
information students know and the affective domain reflects how students feel about their
learning, then the last domain describes the physical interaction students have while in the
learning environment.
Psychomotor Domain

In today’s world, the practical application of skills learned is a crucial aspect of the
jobs available to the next generation of students. According to Romiszowski (1999),
psychomotor skills are evident in the daily activities of every occupation; moreover, attaining
such skills is essential if one hopes to avoid the socioeconomic shifts that occur due to
automation in the workplace. Put simply, even if a person was to demonstrate proficiency in
the cognitive and affective domains, Simpson’s (1971) landmark research demonstrated that
a weakness in the psychomotor domain results in a lack of motor skills and coordination that
negatively impact one’s ability to maintain success in the workforce. To understand how this
domain can impact learning and personalization within the educational environment, it must
first be operationalized.
Dave: Psychomotor Domain

When considering the psychomotor domain, it is important to note that three primary
revisions are widely accepted. The first is the simplest and represents the various levels of

competence while performing a skill (Dave, 1970). Thought of like learning to play an
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instrument, this version of the psychomotor domain starts with the process of imitation. As
the person begins to manipulate the characteristics of the skill, precision is developed. During
the level of precision, a person can perform a skill with a high degree of accuracy without
intervention. Next, articulation allows a person to apply a skill to address a certain problem
situation. Finally, once a person can act without thought and the skill is second nature, it has
been fully naturalized. Especially in the field of education, as students are honing their
expertise in a particular content area, these stages are often present, but they are
oversimplified (McBride et al., 1990). While Dave’s approach may be appropriate when
addressing behavior within the classroom, it may not be as effective when addressing the
unique needs that districts have when implementing a personalized approach to learning
(Sottilare & LaViola, 2015). For this reason, other perspectives must be considered.
Harrow: Psychomotor Domain

In order to address some of the gaps in Dave’s work, researchers began to focus on
the physiological effects that occur within the development of learned capabilities. Harrow’s
research sought to provide support for students who were developing proficiency in the
cognitive and affective domains but still seeking to provide a connection to the real world
(1972). Consider the process of learning about the culture in another country. One could
study the demographic data, imports and exports, and language utilized within that country,
an indication of the cognitive domain. By investigating conversations with first-generation
immigrants from that country, students are meeting an affective objective. On the other hand,
if they were taught a set of dance steps common in that country’s cultural celebration,
students would be progressing through stages of the psychomotor domain (Harrow, 1972).

Such a process would occur as follows. Upon first listening to the music, students may have
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an involuntary reaction of tapping feet, indicating reflex movements. As they watched the
dance steps being performed, students would use their current fundamental knowledge base
and their perceptual abilities to react to the environment. As students practiced the dance
steps, they would exhibit both physical abilities and skilled movements as efficiency and
accuracy begin to be improved. Finally, after they no longer needed help from others, they
would be able to exhibit non-discursive communication. These stages of Harrow (1972) are
accurate when describing an overtly physical interaction, but it does not adequately explain
the stages of development that occur as students are interacting with a cognitive tutor or other
educational technology (Brown et al., 2017). If the psychomotor domain is integral for
students to truly understand the phenomena to which they are exposed, there must be another
interpretation that can provide a more accurate depiction.
Simpson: Psychomotor Domain

More academic, Simpson built her taxonomy on the work of Bloom. Like the work of
the prior researchers, Simpson (1972) was focused on the utilization of motor skills and how
they can be effectively coordinated to produce a positive result. What was different, however,
was the focus away from the purely physical and toward the progression of mastery that
occurs from observation to invention (Sottilare et al., 2016; Sottilare et al., 2017). Although
her research was completed before the integration of any ITS models, Simpson’s approach
fits seamlessly. The first level is perception, where students utilize their sensory clues to
guide their physical reaction (Simpson, 1972). Next, the mindset signifies one’s readiness to
act. As an individual begins the process of guided response, the learned responses created
from habitual actions form a mechanistic approach. As a person proceeds through the

intermediate phase, they can perform complex overt responses within efficiency and
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accuracy. Finally, the highest levels of the psychomotor domain are adaptation, where the
learned skills can be modified to react to a new set of stimuli and origination, where an
entirely new response is created based on a specific problem. Simpson’s explanation is
highly indicative of the skills needed by students who are interacting with an Intelligent
Tutoring System and highlights the importance of a program’s need to access the exact
knowledge state and be able to provide opportunities for cognitive tutoring (Sottilare &
LaViola, 2015). This personalized approach can help students ascend the levels of their
psychomotor domain because each student’s learning is individualized by their own
experiences and knowledge base. As each of the domains has been discussed, they all exhibit
structures that are important to student learning. Unfortunately, many of the initiatives
applied to schools across the nation have primarily given attention to only one of the three
domains of learning, the cognitive.
Focus of Reforms

Regardless of geographic location, schools have attempted to address inequality
within their district, and most alterations have centered on content-based instruction. This is
not solely due to the school district; almost all state-based and federal reforms have tied
finances or notoriety to a high-stakes test. For example, under the No Child Left Behind
(NCLB) law of 2001, states had to ensure that students were tested in both math and reading
in grades 3-8 and once in high school. The most efficient way to roll out such changes was to
enact a curriculum that essentially taught to the test; as a consequence, schools shifted toward
the cognitive domain and abandoned the affective domain (Lee et al., 2018). The initial intent
of the NCLB was to hold schools accountable for the performance of underrepresented

groups of students and provide a better picture of the type of education received in areas that
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had not experienced any form of accountability. Unfortunately, because affective constructs
were not tested by the state, most classroom teachers did not devote their attention to
developing these skills. As a consequence, students are not given feedback on what may be
the missing piece of the puzzle for reformers (Hall, 2011). Research has shown that at the
very least, the affective domain, which consists of students’ content related attitudes, values,
beliefs, and dispositions, is perhaps even more significant than cognitive variables (Popham,
2011). A study of secondary mathematics students reaffirmed Popham’s and Hall’s research,
as students demonstrated an aversion to mathematics due to the subjective assessment’s
inability to measure beliefs, attitudes, and emotions within the learning process (de la Oliva
Fermandez, 2020). Although the motivations of reformers may be pure, their transgressions
are many.

Perhaps the best example of how the affective domain is impacted by education is the
comparison between a first grader and a high school senior. The first grader who is anxious
to come to school because they want to explore, discover, and learn transforms into an
apathetic, grade-driven teenager with little concern about how the content makes them feel.
Yes, some of this is due to hormones and outside influences, but a contributing factor is due
to the very structure of schools. Students need to have both motivation and desire to learn;
without these two affective characteristics, there can be no true learning (Stiggins, 2005).
What then, are schools to do? Surely there is not an argument to remove the cognitive pieces
of the school curriculum. However, in an age where there are seemingly not enough
resources to meet the diverse needs of every student, districts need to look to technology to

bridge the widening gap.
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Personalized Learning

As public-school districts across the nation have sought to develop initiatives to
narrow the achievement gap within their school district, there has been a rise of
personalization in the form of classroom differentiation. Initially supplemented with games
and drills based on a behaviorist learning philosophy, cognitive tutoring systems attempted to
define competency using Skinner’s landmark research: the division of content into a large
number of very small steps, where reinforcement must be contingent upon the
accomplishment of each step (1938; 1954). As cognitive tutoring gained traction, many
newer tutoring models began to implement theories of constructivist teaching, where students
were involved in problem-based learning and could take a hands-on approach to their
construction of knowledge (Savery & Dufty, 1995). The proverbial needle is not moving fast
enough, however; all scores are indeed rising for each demographic, but even though all
students are experiencing improved test scores, White students’ scores are increasing at a
higher rate (Robinson, 2010, p. 271).

As technology became more advanced and schools attempted to meet the diverse
needs of their students, adaptive learning has begun to truly personalize how knowledge is
distributed. Adaptive learning software is an advanced form of a cognitive learning model,
and students can be placed at their specific knowledge state rather than an arbitrary location
of the curriculum. Specifically, Doignon and Falmagne (1985) define “the knowledge state of
an individual with respect to that domain ... as the subset of all the questions that this
individual is capable of solving” (p. 181). Further, Aleven et al. (2015) assert that an
Intelligent Tutoring System (ITS) that guides students’ current ability level can help them to

become better learners by comparing the growth in software from their initial study in 2009.
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Their research evaluated 18 ITS structures to determine how well they were able to integrate
curriculum and deliver to students without a working knowledge of programming. Each of
the 18 structures were used in real educational studies with a pretest/posttest methodology
that has garnered statistically significant gains (Aleven et al.) Combined with a declining cost
of implementing ITS technology, such successful quantitative results have unlocked the
potential of utilizing adaptive learning software. Schools started to implement one-to-one
initiatives with the hope of raising student achievement, modernizing the classroom
environment, and positively affecting both student motivation and engagement (Harper and
Milman, 2015).

Despite the enormous potential of providing students with technological devices that
utilize cognitive tutoring as a form of instruction, the quality is dependent on the program
chosen. In other words, if the adaptive learning software does not adequately place a student
at their knowledge space and if the cognitive tutor model cannot remediate when a question
is misunderstood, then success is nearly impossible. According to Bailey et al. (2013), the
same utilization of data to personalize online shopping that shows us only the consumer
items we are likely to purchase has come to education. Thus, when choosing an Intelligent
Tutoring System, schools must only consider software that adapts to the individual in a way
that can engage students by tailoring instruction to deliver “just-right” content (Vander Ark,
2012). Done correctly, Intelligent Tutoring Systems can be woven into the fabric of the
public education system to provide a more equitable environment for students who are
seemingly held back not by their knowledge but rather by their geographic location. For this
reason, software that utilizes cognitive tutoring offers the most promise to promoting equity

among mathematics students due to its ability to individualize the entire learning process.
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The SLP hopes to realize such potential, but where does it fit into the existing body of
research? First, a cognitive tutor is a type of Intelligent Tutoring System (ITS) that can
provide individualized, immediate feedback to students as they work through the curriculum
online. Further, adaptive learning software can determine the exact location of a students’
knowledge state through the sequencing of questions. The SLP is an example of an ITS
because, through the utilization of pretests, it can place students at their level of
understanding while providing support to progress through the district-created curriculum.
Theoretical Basis for Intelligent Tutoring Systems

As personalized learning has developed from a concept of differentiation within the
classroom to the utilization of technology, there have been various theories that have dictated
its facilitation. The two most prevalent, however, are Knowledge Space Theory (KST) and
Adaptive Control of Thought-Rational (ACT-R). These ideas and the research supporting
them have made significant contributions to the field of personalized learning through the
utilization of technology. Specifically, in mathematics education, ITS models have found a
niche while supporting KST or ACT-R to various degrees of success.

Knowledge Space Theory

When personalizing the learning process, the software used must have the capacity to
learn and adapt based on user responses. Knowledge Space Theory (KST) is the theoretical
idea behind such an adaptive nature of mathematics software and was developed by the
tandem of colleagues, Jean-Paul Doignon and Jean-Claude Falmagne. At its heart, KST is the
process through which an Intelligent Tutoring System can capture and determine what a
student knows. Specifically, Doignon and Falmagne (1985, p.176) define “The knowledge

state of an individual with respect to that domain ... as the subset of all the questions that this
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individual is capable of solving.” Within the mathematics classroom, it is virtually
impossible for a teacher to immediately assess all students, provide feedback, and place them
in the level of instruction they need. KST has an appeal for proponents of personalized
learning through technology due to its ability to demonstrate prerequisite skills, and the work
by Doignon and Falmagne (1985) provided the foundation for later attempts to develop
algorithmic procedures that assess content knowledge.

With the many reforms and initiatives pushed through the federal, state and local
levels, districts’ advocacy for personalized learning has created a lucrative market for online
software programs. Particularly in mathematics, where much of the content is sequential and
utilizes a spiraled approach to teaching, computer algorithms may be the most effective way
to determine the knowledge state of a student (Falmagne et al., 1990). Traditionally,
successful teachers would tailor their lessons based on what they believe their students knew.
Although the process to gauge such knowledge varies widely, determining where the average
student was at in terms of prior and current knowledge would lead to wide-scale
differentiation. This method is sufficient when attempting to educate the masses, but it does
not address the diverse needs of every student. The concept supporting KST mimics that of
the teacher differentiating to a group of students; the only difference is that KST can provide
immediate and current feedback about student knowledge (Doignon & Falmagne, 1999).
Much like the assembly line system revolutionized the automobile industry, principles of
KST are attempting to provide efficiency and accuracy to the evaluation of student
knowledge, which researchers determined can be used as assessment tools (Falmagne et al.,

2004).
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Ideally, every student would be provided with personalized education, and if they
struggled, a one-on-one tutor would be provided. Adaptive learning software that is backed
by KST functions much like this example. First, a student’s knowledge would be mapped out
with an assessment cycle that continuously determines the mathematical concepts that a
student either knows or does not know. Next, the program would provide the teacher and
student with feedback. Eliminating the time that it would take a teacher to assess and plan
makes the educational process much more efficient. Further, determining the knowledge
space for a mathematics allows some students to proceed more quickly through the material
while also providing additional structure for learners who are behind their peers (Falmagne et
al., 1990). This description is a working definition of a personalized learning environment,
and it is the current vision of many school districts.

One of the first implementations of an ITS backed by KST was the Relational
Adaptive Tutoring Hypertext (RATH). The course chosen for the web-based tutoring
software was elementary probability theory, due to consistent struggles by students and the
need for remediation and additional support (Hockemeyer et al., 1997). The assumption was
that any course could be added into RATH, provided all teaching materials and assessments
could be structured in a web-based manner. Although RATH bridged the gap in bringing
psychological theories into a working tutorial system, Hockemeyer et al. (1997) had two
main recommendations:

1. Students have some prior knowledge of every subject. Rather than assuming a

new student has an empty set for a knowledge state (zero prior knowledge), the
researchers indicated the need to include an initial assessment to determine the

actual knowledge state.
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2. Feedback provided to the student needs to be more detailed than correct/incorrect.
To model personalized tutoring, there need to be more supports to ensure success,
and immediate feedback eliminates the repetition of mistakes.

From the research and conclusions done with RATH, other ITS models were created and
implemented, experiencing similar successes and struggles. In a 2006 conference, Conlan,
Hampson, O’Keefe, and Heller presented a series of research-based case studies where KST
ideas were implemented by the Knowledge and Data Engineering Group of Trinity College,
Dublin and the Cognitive Science Section of the University of Graz. Over five years,
researchers in these universities designed a personalized learning process based on computer-
adaptive principles. In one of their case studies, Conlan et al. (2006) chose a mechanics of
physics course to test its prototype, and the adaptive ability of the ITS model was based on
four KST phases:

1. Pretest. A framework for each student’s knowledge state is built using the pretest,
which provides a shortlist of problems that each student can do or is ready to learn

2. Dynamic personalization. A series of online modules are presented to the learner
based on the topics they are capable of mastering, according to the pretest. Those
topics that were already in the learner’s knowledge state are skipped.

3. Dynamic modeling. As the student proceeds through the modules and
demonstrates mastery utilizing the course content materials, the modeling tool
maps out the progress of each student.

4. Learner choice. When all prerequisite material is learned, students can choose

additional content for the online learning space to expand the scope of the course.
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The second case study presented by Conlan et al. (2006) involves personalization
using a program called iClass, an attempt to support a flexible, learner-centered approach.
This pedagogical method seeks to facilitate the empowerment of students and teachers while
allowing various processes to control the boundaries of adaptation (Turker et al., 2006). A
marked difference from the first case study was the ability to determine the students’ levels
of confidence. After every question, the confidence degree was solicited, which allowed
researchers to analyze more accurately the true knowledge state of each student and
demonstrated the evolution of KST by eliminating the guesswork and reading the perception
of every student (Conlan et al., 2006). What further set the iClass apart from the first case
study was the Selector and LO Generator, two key services for facilitating personalized
eLearning experiences (Turker et al., 2006). The two-pronged approach of the iClass process
is described more adequately in the research of Conlan et al. (2006):

1. The Selector can formulate Personalized Learning Paths, which adapted concepts
and learning activities to the current knowledge state of each student, based on
their goals and preferences.

2. The LO Generator is responsible for selecting and assembling appropriate
learning objects from the content pool.

The primary advancement of the research is the separation of the assessment from the
personalization process. Whereas the landmark research of Hockemeyer et al. (1997)
typically tied together assessment and personalization, its separation in the iClass case study
allows for different, more effective pedagogical strategies to be used for diverse learners
while still maintaining similar expectations of mastery (Conlan et al., 2006). In addition to

KST, Adaptive Control of Thought-Rational (ACT-R) is another theory that supports the
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interactions of humans with technology to provide a rich, rigorous educational environment
(Anderson, 1993).
Adaptive Control of Thought-Rational

ACT-R is the brainchild of John R. Anderson, a cognitive scientist from Carnegie
Melon University with an interest in cognitive architectures and ITS models. His research
focused on the application of cognitive psychology to education. Within their studies, Ritter
et al. (2007) attempted to predict the educational understanding of students as well as
determine what activities and experiences help them achieve curricular goals. Their research
was the culmination of 25 years of work attempting to understand mathematics cognition.
With over 35 million observations of 7,000 students, Ritter et al. (2007) were able to
determine which factors affect learning and the overall effectiveness of individual tasks and
hints, which resulted in the identification of key learning experiences to contribute to student
learning of mathematics. They deemed this process a cognitive model, and the utilization of a
cognitive model within an ITS is called a cognitive tutor. The landmark research and
subsequent applications of ACT-R modeled higher-level cognition, but by the standards of
human-computer interaction (HCI), it was deemed to be flawed (Anderson, 1993; Anderson
et al., 1995; Anderson et al., 1997). During Anderson’s early research, technology had not
yet caught up to the theory of ACT-R, but the development of cognitive tutors helped to
bridge the gap.

Like the KST, ACT-R seeks to assess current knowledge and individualize
instruction, providing immediate metacognitive feedback to students to help them acquire
curricular skills (Roll et al., 2011). The benefits of a personalized model of education can be

immense, as students utilizing various forms of computer-assisted-instruction (CAI)
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experienced increased engagement, motivation, and learning within a safe, non-competitive
environment (Davidovic et al., 2003). However, there are various ways in which students can
seek to find backchannels around the system. For example, the research of Roll et al. (2011)
cautioned against students utilizing executive help-seeking to quickly find an answer. A
common strategy of cognitive tutors is to provide supplemental hints to students to facilitate
a process by which they can get a minimal amount of help while still receiving necessary
support. The “bottom-level” hint is the last hint given and typically eliminates various
higher-order thought processes (Baker et al., 2008, p. 301). Students who need the most help
often make the poorest decisions regarding their decision to click through hints, and although
there have been positive attempts at improving students’ help-seeking behavior, gaming the
system is still a common misuse of ITS models (Roll et al., 2007).

To combat the ability of students to use strategies to circumvent the algorithms within
cognitive tutoring models, Baker et al. (2008) researched ways that they could determine
when students were gaming the system. Their results were promising, as their machine-
learned Latent Response Model (LRM) was able to accurately detect and make predictions
regarding which students would attempt to game the system (Baker et al., 2008). Like any
form of pedagogical instruction, a cognitive tutor has its costs and benefits. Although gaming
the system does result in disengagement from the topic and decreased learning, it is
important to remain focused on the overall goal. Personalized learning does have the capacity
to transform the way learners consume information, and it is important to address
deficiencies as they arise by seeking to both identify when the behavior occurs and address
why it occurs (Baker et al., 2008). Both KST and ACT-R were instrumental in developing the

plethora of ITS models that have been used across countless districts within the United
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States. Among those ITS models, some have proven to demonstrate a higher likelihood of
success, paving the way throughout the past decades as many school districts supplemented
instruction with digital curricula.
PLATO Learning

When discussing the history behind ITS models, it is necessary to begin with
Programmed Logic for Automatic Teaching Operations (PLATO). Although its interface, at
least initially, led to a negative attitude toward its use, there were several successes (Long,
2018). For example, PLATO implemented one of the original online message boards, which
helped students become engaged with the material, arguably increasing retention levels
among many online courses in various content areas (Smith & Sherwood, 1976). Ultimately,
the end goal for many companies is to generate revenue, and PLATO Learning sold its rights
and underwent various changes, and it is now marketed under the name Edmentum (McLeod,
2017). PLATO Learning established a benchmark for future software companies to create
and market their products in the hopes of engaging students in meaningful ways.
Carnegie Learning’s Cognitive Tutor

The next major step forward was taken with Carnegie Learning’s Cognitive Tutor.
Although there had been improvements that increased students’ engagement with the
interface of the ITS, Carnegie Learning began to focus on the concepts of diversity and
differentiated learning (Koedinger et al., 2000). In this way, Carnegie Learning attempted to
push into high-poverty areas, and the subsequent research demonstrated a high number of
successes. For example, students taking Algebra I on the Cognitive Tutor program performed
85% better on complex mathematical problem solving, and the benefits showed were

equivalent for both White European and African American students (Koedinger et al., 2000).
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Perhaps the biggest improvement and groundbreaking aspect of the ITS model was its ability
to help students improve their metacognition skills (Aleven & Koedinger, 2002). This piece
allowed students to stretch themselves, which helped high-achieving students increase their
knowledge while also closing the pervasive achievement gap in mathematics by allowing the
opportunity for students who were behind grade level catch up to their peers.
Building Blocks Software

As much as Carnegie Learning may have improved the interface for its users,
Building Blocks Software created a much more “fun” experience for its users. Initially
funded by the National Science Foundation and later acquired by McGraw-Hill, the purpose
was to inspire students, especially those at risk for later school failure, to develop a
foundation of informal mathematical knowledge (Clements & Sarama, 2007). In other words,
the Building Blocks software took differentiation one step further for underrepresented
groups of students because the focus was early education. Rather than wait until there was a
major issue at the secondary level, Building Blocks attempted to remediate as early as
possible. To accomplish this goal, the program needed to include more than simply content
knowledge. Instead, its software attempted to build on the interests of students, developing
their competencies by creating a personalized form of instruction (Sarama & Clements,
2004). There was a great deal of room for improvement, however, as critics pointed to its
utilization of games to “trick” students into completing rote mathematical problems
(Clements & Sarama, 2011). With these improvements in mind, one of the most popular

current ITS models is known as Assessment and Learning in Knowledge Spaces (ALEKS)
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ALEKS

With the goal of addressing differing achievement levels of underrepresented groups,
ALEKS sought to focus on mastery learning to remediate the mathematical skills of students
to decrease anxiety and improve attitude (Taylor, 2008). Such an approach led to a great deal
of success, especially at the collegiate level. For example, it is a common issue among
universities that black and Latinx students lag their White peers in both standardized test
scores and mathematics course grades (Fang et al., 2018). Although far from conclusive
results, Hu et al. (2008) conducted a ten-year longitudinal study that determined course
grades for African American students in a lecture format were significantly lower than their
White counterparts. Interestingly, the same gap in achievement did not exist in the online
course utilizing ALEKS; additionally, Hu et al. (2008) found that African American students
in the online course-maintained grades that were significantly higher than those in the
lecture-based format. ALEKS indicated the immense promise that ITS models offer to
schools looking to narrow the gaps that greatly impact both secondary and post-secondary
education. As much potential as they offer, an online curriculum cannot replace the
instruction within the classroom. Certain character traits impact the long-term success of
students, such as grit, defined as the combination of hard work and resiliency that helps
students achieve at high levels within the educational environment (Sanguras, 2017). Such
qualities are best learned through face-to-face interaction, which Summit Learning cultivates
through its personalized learning experiences and opportunities for mentoring.
Summit Learning

To progress, the weaknesses of previous cognitive tutoring models and Intelligent

Tutoring Systems must be taken into consideration. In this manner, Summit Learning hoped
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to ensure that students were able to demonstrate proficiency in four different outcomes:
cognitive skills, content knowledge, habits of success, and sense of purpose (Summit Public
Schools, 2017). Previous approaches only addressed the first two outcomes, as interaction
with a content area was on a primary focus for remediation or progression through
coursework. Summit Learning integrated two more outcomes because they believed that
understanding one’s strengths and weaknesses and feeling an integrated connection to their
work were invaluable. One of the tenets of the ITS model is to encourage self-efficacy
among students, as it has the potential to enhance or impair performance (Bandura, 1989).
Summit Learning does not simply utilize a computer program to create such a process for
students. Instead, the ITS model is interwoven with opportunities for students to interact with
both mentors and subject-area teachers to empower them to make decisions about when and
how to learn (Summit Public Schools, 2017). Such a distinction is crucial, as people differ in
how they develop their efficacy, and offering varying levels of choice for students breaks the
cycle of rigidity that has existed within our current structure of public education (Bandura,
20006).

An important distinction to make is that the progressive approach to education by
schools that have adopted the SLP is not above reproach. There have been issues with student
retention, gaming the system, and communities have been frustrated with the lack of results
(Wilka & Cohen, 2013). Despite these challenges, however, the SLP is attempting to address
gaps of success and access that have long plagued underrepresented groups at both the
secondary and post-secondary levels (Leach & Williams, 2007). By creating a more inclusive
program that focuses on both the cognitive and affective domains of learning, schools can

use technology to address gaps of understanding while also inspiring students to realize their
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potential. Regardless of the potential of technology or the ability to target a student’s current
knowledge state, the ultimate success falls on building leaders to put adequate supports in
place that catalyze change for all stakeholders in the educational environment.
Leading the Change

There is not a question that individuals can have a large impact on improving
mathematics achievement for students. Especially in urban districts, teachers have a
remarkable ability to positively affect change for the 20-200 students under their purview,
depending on the age level they teach. Unfortunately, the vast difference between teachers,
even in the same content area within the same building, can create pockets of students who
perform below grade level. Moreover, when comparing the experience level, licensure exam
score, value-added estimates of effectiveness, or any other measure of teacher quality, high
poverty areas have pronounced gaps, especially in the areas of mathematics (Goldhaber et al.,
2015; McGee et al., 2016). As schools turn toward technological tools to help bridge the gap,
teachers alone cannot facilitate the paradigm shift. Instead, schools need strong leadership
that can provide one-to-one support and deployment or re-deployment of the best teachers to
teach underrepresented groups of students (Demie, 2015). Further, to shepherd in change for
a district program, the implicit biases that exist within social institutions must also be
considered. The work of Holroyd et al. (2017) demonstrated that implicit biases are common,
unavoidable, and a product of our involuntary cognition, which contributes to a pattern of
discriminatory behavior. As teachers and building leaders seek to implement change to
improve achievement levels, they must be cognizant of how preconceived notions can bridge

personal and systemic prejudice (Payne et al., 2017). Unfortunately, if left unchecked, this
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form of discrimination can be more harmful, as it is often unintentional, unendorsed, and
ultimately perpetrated without awareness (Holroyd et al., 2017).

School leaders may be a potential solution to the inequity that plagues our current
system, but exactly what type of leadership styles will prove effective when support reforms
that utilize technological tools? DuFour and Marzano (2009) determined that especially at
the high school level, schools do not need instructional leaders; instead, they need learning
leaders who focus on data to gauge learning. While various forms of servant leadership do
have their advantages, it is not effective when implementing new teaching strategies. Instead,
servant leadership is most effective when oriented toward topics like community building
and active listening (Insley et al., 2016). Increasingly, schools are realizing that it is not
realistic to expect that all students can learn the same material at the same time, and
constructive leadership theorists have posited students do not learn on demand (Cunningham
et al., 2019). They need lessons adapted and adjusted in real-time to meet the evolving,
dynamic needs of students (Brooks & Brooks, 1999). As such, data-driven and servant
leadership ultimately will not prove effective when attempting to support school-wide
reforms that utilize technological strategies to aid personalized learning. Returning to the
Coleman Report (1966), there are two lasting conclusions that should follow any major shift
in pedagogy, especially if it seeks to address an achievement gap: the most influential factor
on student achievement is the community and a school’s financial resources are not the end-
all of any successful initiative. For this reason, those in positions of leadership should
consider two theories that can intertwine to incorporate a new pedagogical model while also
bridging the gap between school staff and community members who may initially be

distrustful of reform: transformational leadership and instructional leadership.
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Transformational Leadership Theory

Taking pieces from other theories in educational leadership, transformational
leadership utilizes qualities to motivate and sustain change. Traditionally, work on leadership
by Bennis (1959) showed that when the subordinate could realize their own goals without the
need for punishment, a problem-solving organization could function more competently.
Further, creating moral imperative and intrinsic motivation for teachers to evoke change are
hallmarks of Sergiovanni’s (1992) seminal studies that challenged traditional approaches to
leadership. By fostering the ability of teachers to think critically while being supported
emotionally, transformational leaders can stimulate the positive student outcomes they desire
(Boberg & Bourgeois, 2016). At the source, it seems as if transformational leadership is
infallible; surely a mix of the best pieces of all leadership styles is effective all the time. In
his critical analysis, Berkovich (2016) posits that such a mix of characteristics makes it
impossible to test and therefore cannot be verifiably implemented within any school reform.
For this reason, it may be time to disregard transformational, for if it cannot be tested or
replicated, then it cannot be a theory. Responding to such criticism, Lynch (2016) does
acknowledge some of the limitations and states that “since transformational leadership is
informed by all of these various types of leadership, it’s always a good idea for leaders to
learn more about these other styles.” Put simply, a transformational leader must be at least
knowledgeable about different leadership styles to utilize its features for student benefit.
Moreover, transformational leadership supersedes other theories because it does not take a
singular view on one aspect or another; instead, it takes a broad view and uses those as a
driving force to meet the goal of the school (Lynch, 2016). As with any instructional reform,

approval from stakeholders and buy-in from teachers is vital in implementing the
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technological tools that allow personalized learning to be effective. Without administrators
grounded in theories of leadership, there will not be guidance, follow-through, or reflections,
and thus student achievement will not experience sustained growth.
Modeling the Way

In any organization, workers will respond to the actions of management. By
following existing rules, procedures, and norms, leaders can only operate in a transactional
way (Bass & Avolio, 1993). Such an approach may be effective for some, but it does not
inspire change among all employees because they are not motivated intrinsically. Instead, the
leader needs to model appropriate self-leadership behavior which is more likely to be
adopted by the employees under supervision (Pierce & Sims, 2002). By modeling behaviors,
one wishes to see within the organization, there can be cultural shifts that meet the needs and
desires of leaders. When seeking to alter culture, there is a stark difference between managers
and leaders. Whereas managers tend to adopt a transactional style to manipulate short-term
behaviors, leaders are more inclined to be creative, inspiring, and transformational in their
behavior and outlook (Burns, 1978; Zaleznik, 1992). As schools seek to support the holistic
well-being of their students and staff, leaders who can model ethical and moral behavior are
more likely to support employees who are motivated, innovative, and can balance workplace
challenges (Schuckert et al., 2018). In tandem with modeling, there needs to be a shared
vision among leaders and staff members to create an environment that can sustain a
pedagogical transformation.
Inspiring a Shared Vision

Often, meaningful alterations to the workings of an organization take time; often it is

the frustration with the inability to be immediate that wears on group members.
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Transformational leaders can change organizational culture by first understanding it and then
articulating a clear vision for the future by eliciting a sense of purpose through common
goals (Bass, 1985). Such a transition is more democratic and requires a leader to clearly
communicate expectations to the group and demonstrate personal commitment. Being able to
inspire confidence is crucial, and Burns (1978) discussed the importance of transformational
leaders to have superb communication skills. To shift the direction within a school, there is a
fine line when utilizing power and authority to convey a message. Further, supporting a
shared vision requires an effective leader to be positive and patient, yet be unrelenting in the
consistency for high expectations. In his analysis of what makes a leader transformational,
Burnes (2009) posits that such leaders can use the sheer force of their personality to motivate
followers to identify with the leader’s vision while putting the needs of the group before
one’s interests. After creating and sustaining an agreed-upon vision, transformational
leadership theory next shifts to the importance of action.
Enabling Others to Act

Properly supporting the development of a personalized learning environment requires
that school leaders must be able to delegate effectively. Recognizing that a single
administrator is unlikely to be a content expert for every department or grade level, it is
important to create a cohesive team that can function well. Within transformational
leadership theory, administrators must create a culture that is receptive to the team members
selected not by their experience or formal leadership roles but rather their content and
pedagogical expertise (Smith et al., 2017). A common failure with this strategy is to
approach change using a “divide and conquer” mentality. Especially with technology, many

veteran teachers may fear change because of their inexperience with such tools. To address

86



these feelings, effective leaders support resiliency by involving teachers in the decision-
making process and operate only when there is a consensus that meets an agreed-upon vision
(Usdin, 2014). If utilized effectively, the transformational leadership style can help to
facilitate personalized learning on a large scale by considering the strengths of each group
member.
Challenging the Process

Expecting all members within an organization to be on board with a culture-
challenging initiative is simply unrealistic. Instead, successful leaders welcome healthy
discussion and debate while encouraging individuals to strive toward an innate interest by
setting their own goals. Bono and Judge (2017) opined that transformational leadership is
linked to self-concordance at work, where followers viewed their work as more important,
more self-congruent, and job attitudes and performance were positive. Being able to
stimulate the intellectual development of workers within an organization depends on the
interaction between two characteristics: autonomy and self-efficacy. Den Hartog and
Belschak (2012) posited that there are positive effects of transformational leadership, but
there is a three-way interaction among those effects. In situations where there are high levels
of autonomy, there is a positive relationship between transformational leadership styles and
individuals with high self-efficacy. On the other hand, in situations with low levels of
autonomy, there is a positive relationship between transformational leadership styles and low
self-efficacy. In other words, transformational leadership is only as effective as the levels of
self-efficacy within the organizational structure, as Afsar and Masood (2017) observed that

creative self-efficacy mediates the interaction. If transformational leadership theory cannot
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affect wide-scale change within an organization, another theory must be able to support the
self-efficacy of teachers, specifically in curriculum and instruction.
Instructional Leadership Theory
To ensure that learning environments within a building are effective at ensuring every
student can be successful, a principal must wear many hats. Marks and Printy (2003) opined
that instructional leadership matters to enhancing the quality of teaching and student
performance. Although having a principal who uses strategies grounded in instructional
leadership is a start, it cannot be the only factor when raising achievement levels. Hattie
(2012) posited the following characteristics were integral in shaping the direction of a
building:
Accomplishing the maximum impact on student learning depends on teams of
teachers working together, with excellent leaders or coaches, agreeing on worthwhile
outcomes, setting high expectations, knowing the students’ starting and desired
success in learning, seeking evidence continually about their impact on all students,
modifying their teaching in light of this evaluation, and joining in the success of truly
making a difference to student outcomes (p. 37).
Incorporating each of these characteristics into daily instruction and supervision is nearly
impossible without the utilization of technology. As software programs can more accurately
measure student knowledge, apply an interface that is efficient for both students and teachers,
and provide immediate feedback for remediation and application, leaders can gauge the
effectiveness of instruction (Kallick & Zmuda, 2016). Instructional leadership theory can

increase levels of achievement for students, but successful application within a school
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requires a more structured approach. To accomplish such a goal, the Center for Educational
Leadership (2019) uses the following five beliefs to drive all work

e The focus of instructional leadership must always be focused on learning. Both
students and adults are a part of the continuous improvement process through
which all learning is measured. Although there may be a variety of instructional
practices utilized, ultimately data will drive the effectiveness of each strategy,
with time allocated for reflection, revision, and re-implementation.

e There must exist a leadership team that acts as the caretakers for instructional
leadership. This team may include a variety of staff members around the building,
but the principal is the ultimate overseer of all actions originating from the team.

e A culture of reflective practice must be built within all professional development
opportunities. Staff needs to feel supported in their quest to take intelligent risks
to advance the effectiveness of their instructional strategies.

e There must exist a culture of inclusivity and equity. The leadership team must
only implement policies, procedures, and programs that function to address the
cultural, linguistic, socioeconomic, and diversity in learning that exists within the
larger community.

e The effective allocation of resources must always be analyzed, especially when
changing building culture and environments.

To explore the potential effects gleaned, instructional leadership was used as a lens for the
examination and implementation of the five core beliefs: focus, leadership team, reflective
practice, equity, and allocation of resources.

Focus

89



When determining the most effective leadership theories to apply in practice within a
school district, one must consider two relevant questions. First, what type of program,
initiative, or reform is being applied within the organization? Second, what is the primary
focus of the organization? In the context of the first question, there are unique challenges
that school leaders face when attempting to incorporate technology to ensure learning can be
personalized. Especially when retraining teachers in pedagogical practices, instructional
leadership hinges on the following essential functions: constructing and selling an
instructional vision, building norms of trust and collaboration, supporting teacher
development, and monitoring instruction (Purkey & Smith, 1983; Spillane et al., 2001).
Further, the success of a new program needs to be judged on the data gathered, as this
process is much more objective than anecdotal reports.

To answer the question, the instructional needs of the students must be the primary
focus of an educational institution. To support the curriculum within the building,
instructional leaders support positive activities among teachers by modeling effective
strategies, experiencing life in the classroom, and celebrating high expectations (Hunzicker,
2018). Further, there must be time for teachers to evaluate their practices and reflect on the
relationship between their instructional strategies and student achievement. Darling-
Hammond (2003) analyzed trends in teacher attrition as they related to the achievement
levels of students. Two decades of data demonstrated that the two most powerful factors that
can contribute to the achievement levels of students are the leadership abilities of the
principal and the effectiveness of the teacher. These factors are especially true in urban
schools, where teacher and administrator turnover are 50% higher (Darling-Hammond,

2003). Moreover, if schools hope to address the growing disparity in achievement for
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underserved populations, they need principals who are well-versed in instructional leadership
strategies, as Darling-Hammond et al. (2005) determined these individuals are more likely to
be competent in cultivating a shared vision and practice, leading instructional improvement,
developing organizational capacity, and managing change. Further, because one of the largest
issues in the urban core is administrative turnover, principals who demonstrate proficiency in
instructional leadership are more likely to have positive attitudes and stay in the job, despite
working in more challenging urban environments. For this reason, it is crucial to have a well-
defined, student-centered focus if one hopes to build instructional leadership capacity. Thus,
schools transitioning to a personalized learning environment and are taking steps to address
the achievement gap must have a leader dedicated to ensuring the instructional strategies
being used make a difference in student outcomes (Day et al., 2016). If having an agreed-
upon focus that meets the instructional needs of all students is the car that moves
achievement forward, an effective leadership team acts as the driver.
Leadership Team

Instructional leadership does not exist in a vacuum and cannot be dictated by a leader
alone. Instead, building administrators must view the art of learning through three crucial
themes: content area expertise, pedagogical principles, and teaching processes (Sergiovanni
& Starratt, 2002). To support this triad of characteristics, administrators must develop a
building-wide culture that cultivates teacher leaders. The most common vehicle for this
process is through a professional learning community (PLC), as it can help teachers focus on
learning rather than teaching, work collaboratively, and hold themselves accountable for
results (DuFour, 2004). Stoll et al. (2006) conducted a review of the literature over PLCs and

realized their potential to address the achievement gap occurred through building leadership
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capacity. Their research dictated that capacity is a complex blend of motivation, skill,
positive learning, organizational conditions and culture, and infrastructure of support. If these
characteristics are put together, educational reforms are much more likely to be sustained
over time.
Unfortunately, one of the most common issues with schools is their inability to utilize

PLCs in the correct way (DuFour and Eaker, 2009). Without a solid foundation of continuous
improvement within a school, the leadership team cannot harness the collaborative power of
the PLC. To ensure that a school has created an effective PLC, there are eight characteristics
of successful implementation (Vescio et al., 2008):

1. Shared mission, vision, values, and goals

2. Collaboration that focuses on learning

3. Collective inquiry

4. Teacher authority

5. Action orientation and experimentation

6. Commitment to continuous improvement

7. Results orientation
Although establishing a culture that utilizes each of these characteristics may seem difficult,
instructional leaders understand how crucial it is to support the tenets on which PLCs were
originally built. After all, multiple studies have shown that there is a positive association
between teachers’ active participation in PLCs and student achievement, especially for
traditionally underserved populations (Berry et al., 2005; Bolam et al., 2005; Louis & Marks,

1998; Supovitz & Christman, 2003). In order to develop a team of leaders among both
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administration and teaching staff, principals must effectively and efficiently utilize
professional development.

Public education operates out of a limited resources environment. There is never
enough time or money to accomplish everything that needs to be done to provide an
equitable education for all students. As a result, principals need to engage in purposeful, job-
embedded professional development (JEPD). Croft, Coggshall, Dolan, and Powers (2010)
define JEPD as professional development within schools focused on quality instruction and
student achievement. Moreover, it occurs during the workday and in the workplace, is closely
connected to the actual work of teachers, is designed to improve instruction, is centered on
the academic needs of the school, and is directly related to the agreed-upon goals set out for
students. Ensuring that staff members have access to relevant, timely, and structured
professional development is integral when attempted to create a leadership team that acts in
the best interests of students. Too often, professional development is generalized and
impersonal; although it may check a few mandated boxes at the district level, such
professional development wastes the few resources that are afforded to schools. Instructional
leaders, on the other hand, can utilize JEPD to create sustained professional development that
leads to improved student achievement (Althauser, 2015).

Reflective Practice

In any occupation, and especially for educators, workers must have the opportunity
and ability to analyze their work. Being a reflective practitioner requires the ability to reflect
on one’s professional actions to engage in the continuous learning process while paying
attention to the values and theories that inform everyday interactions (Schon, 2017).

Instructional leaders recognize the importance of building adequate time for teachers to
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reflect on their pedagogical and content-area skills. Moreover, they must avoid the traps that
plague schools that spend resources designing the curriculum but pay little attention to what
teachers teach and even less to what students learn (Marzano 2003). More than any other
skill, reflective practice among teachers takes a great deal of coaching; despite this initial
drain on resources, there are long-term gains.

Especially in urban schools, there is vast turnover among administration both at the
building and district levels (Bartanen et al., 2019). As a result, there is often a wait-and-see
approach among teachers; why should they put in so much effort if they are going to have a
new leader that attempts to integrate new ideas? Instructional leadership theory discards the
series of rapid changes in the school and instead focuses on the facilitation of a growth
mindset for teachers. Reflective practice through instructional leadership is a vital piece of
raising academic achievement, supporting the self-efficacy of teachers, and ensuring the
fidelity of instructional programs (Bandura, 1977; Donohoo et al., 2018; Newmann et al.,
2001; Valenti, 2010). More than any other purpose, however, reflective practice helps
support the other core areas of instructional leadership theory. Not only does it create the
ability for teachers to determine if they are actively engaged in the focus of student learning
as defined by the building culture, but it also supports the work of the PLC, as teachers are
more likely to utilize data to make informed decisions about their students. From an
instructional leadership standpoint, it is simply not feasible to coach all teachers every
moment of the day. Instead, cultivating reflective practice helps to increase achievement,
critical thinking, and self-efficacy by teachers’ willingness to openly analyze their practices.
Because a large part of effective decision-making is based on data, instructional leaders

should also be aware of the inequity that exists within their current building culture.
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Equity

One of the most important duties of a principal is to ensure that every student can
succeed. Specifically, instruction must be viewed through a lens that permits social justice to
be the primary focus. According to Cambron-McCabe and McCarthy(2005), social justice in
the educational administration field “emphasizes moral values, justice, respect, care, and
equity; always in the forefront is a consciousness about the impact of race, class, gender,
sexual orientation, and disability on schools and students’ learning (p. 202). Creating such an
environment means that instructional leaders must be able to identify which characteristics of
the school culture need to change and what method would be most effective to change them.
If leaders seek to maintain the current status quo, this marginalizes both students and their
support system and silences any attempt to acknowledge their needs (Skerrett et al., 2018).
Further, instructional leadership theory suggests that to increase achievement levels for
underrepresented groups of students, principals need to engage in moral dialogue that
supports the development of strong relationships, challenges existing practices, and grounds
all changes in a belief of social justice (Shields, 2004).

To accomplish these lofty goals, leaders must provide meaningful professional
development opportunities that are centered on principles of equity. Although there have
been many approaches that have proven beneficial to addressing social injustices that occur
within a school, the more successful ones have focused on a combination of building
relationships, facilitating engaging and meaningful instruction, and holding every student to
high expectations. For example, Skerrett et al. (2018) were the first researchers to provide a

foundation for urban teachers’ needs for professional development that promotes equitable
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stances and practices, and they found six common characteristics among successful
professional development.

e Focused on specific aspects of curriculum, teaching, and learning that teachers
themselves identified as areas in which they needed and wanted to grow

e Content offered was recognized by teachers as grounded in evidence-based research
and experts’ practice and facilitated by professionals who were themselves
recognized by teachers as experts in that content area.

e Teachers’ professional knowledge and expertise were valued with interchangeable
roles for teachers as both learners and teachers.

e Sustained over time in which teachers deepened their knowledge and skills in an area,
but also developed increasingly complex questions and ambitious goals for their
learning in an area of professional practice.

e Intimate, allowing for building personal and professional relationships with those
who teachers worked with most closely at their schools. Teachers viewed these
intimate relationships as creating conditions for collaboration and shared learning
around curriculum and teaching despite differences in teachers’ ideologies and
practices.

e Supported by political agents with institutional power such as school districts,
principals, and literacy coaches. In some cases, this institutional support provided
material resources to teachers to pursue the learning they most desired, which was
how to enact a social justice focused educational agenda.

More than any other aspect of a principal’s job, ensuring that students are afforded equitable

opportunities must be at the forefront of instructional leadership. Through this lens, the focus
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of leadership teams and reflective practitioners can help provide a more socially just
education.
Allocation of Resources

As previously mentioned, public schools typically operate within a limited resources
environment. Especially in low-income areas, there exist drastically different learning
opportunities. These include less access to well-qualified teachers, lower quality curriculum,
and higher-class sizes, all of which are related to differences in student achievement
(Darling-Hammond, 2004). Within such areas, school leaders must be creative as they
develop effective and efficient systems that meet the needs of their schools. One way to do
this involves the way a school district is organized. Although there are laws that restrict some
of the financial resources that are received and allocated, schools in urban areas have
experienced success in the decentralization of resource allocation decisions (Okpala et al.,
2000). By providing individual schools with the economic autonomy they need, principals
can more effectively act as instructional leaders by supporting programs.

With limited exceptions, no effective program comes free of cost. Whether it includes
monetary resources, time, or personnel, the principal must find a way to allocate funds in a
way that supports the mission and vision of the school. Additionally, these resources must be
used to support mindful interventions for students and professional development for teachers
(Zenner et al., 2014). Being able to connect every action back to a common goal while
providing both a location for teachers to meet and the time for them to grow as educators is
crucial to ensure building-wide success. Often, to ensure that resources are deployed
equitably, particularly in areas where resources are diminishing, effective instructional

leaders use data to make strategic decisions (Rimmer, 2016). Although last to be mentioned,
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effective resource allocation is the glue that allows building focus, leadership teams,
reflective practice, and equity to work together cohesively. Without the effective utilization
of resources, the organizational change would be too disjointed and prohibitive for teachers.
In conclusion, effective leaders can harness the abilities of teachers by utilizing both
transformational and instructional leadership theories. First, the transformational leadership
theory is needed to reframe the lens through which educational strategies are perceived by
staff members. This requires an agreed-upon vision and actions by a leader that utilizes
positive relationship building, a democratic approach, and the ability to cultivate intrinsic
motivation through building leadership capacity. After these qualities are supported, a
principal can turn to instructional leadership theory to facilitate curricular changes with the
building. There is no question that teacher quality has the most impact on student
achievement, especially among underrepresented groups of students and those in high
poverty areas (Sanders et al., 1997). Thus, to help staff members improve their quality and
focus their efforts in a meaningful way, principals must use transformational and
instructional leadership theories in tandem to support the increasingly diverse needs of

students.
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CHAPTER 3
METHODOLOGY

There has been a consistent attempt through the years to increase achievement levels
in mathematics for all students, but especially for those in underrepresented groups who fail
at inequitable rates (Crouzevialle & Darnon, 2019). The problem of mathematics
achievement has been pervasive, despite the reforms and technological advances that have
occurred. The purpose of this study was to determine if an intelligent tutoring software,
called the Summit Learning Platform (SLP), had a positive impact on mathematics
achievement and, in particular, how achievement levels vary by student demographic.

This quasi-experimental study investigated the SLP and its potential association with
mathematics achievement for students in grades nine through eleven in a suburban school

setting by providing answers to the following research questions:

1. Is there a significant difference in NWEA-MAP mathematics scores when comparing
student pretest and posttest results among students using the SLP?

2. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the NWEA-MAP?
Specifically, do scores differ between Black, Latinx, Multi-Ethnic and White
students? Are scores different among Free- and Reduced-Lunch Qualifying (FRLQ)
students and non-FRLQ students?

3. Is there a significant difference in ACT mathematics scores when comparing 11th
grade students who received traditional instruction and students who received

instruction using the SLP?
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4. Is there a significant difference in pre-ACT mathematics scores when comparing 10th
grade students who received traditional instruction and students who received
instruction using the SLP?

5. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the pre-ACT? Specifically, do
scores differ between Black, Latinx, Multi-Ethnic and White students? Are scores

different among FRLQ students and non-FRLQ students?

The SLP is a web-based platform that utilizes an online learning system to deliver
curriculum while applying an artificially intelligent adaptive learning software to assess
students’ current state of knowledge. This chapter describes the methodology for the research
and includes an overview of the location and participants, instruments used for data
collection, and statistical procedures to analyze the data. Described first is an explanation of
how the SLP functions differently when compared to a traditional classroom environment.

Summit Learning Platform

The intervention studied is called the SLP, a type of adaptive learning software that
delivers the mathematics curriculum and instruction. Although instruction is delivered
differently with the SLP when compared to what is deemed traditional instruction, students
are still required to demonstrate proficiency over the same learning objectives. One of the
main differences when comparing the philosophy behind the SLP and the traditional high
school setting is a focus on multiple domains of learning. With the SLP, the affective domain
is of equal focus for the delivery of content. To support the student holistically, the goal of
the SLP and the schools that implement its principles is to have students demonstrate

proficiency in the following four outcomes:
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Cognitive SKkills

At the ACE Leadership Academy for Innovation, the treatment group, students are
provided with multiple opportunities to demonstrate their mastery. Further, these skills are
learned by providing students with experiences that are inquiry-based, authentic, and active,
as such strategies require higher-order thinking skills (Barron & Darling-Hammond, 2008).
The approach that combines multiple opportunities to practice the same skills while requiring
proficiency in cognitive skills generates more resilient students, a characteristic of
individuals who are successful in both college and their career (Fadel et al., 2015). Noguera
(2003) studied how resiliency and self-efficacy impact a student’s ability to be successful in
their educational endeavors. Especially among black students, he found that the strongest
predictors of success were self-efficacy and ethnic identity, which directly related to
student’s active resiliency. Developing a student’s ability to think cognitively is important to
post-secondary success and should precede the next outcome- knowledge in a subject area.
Content Knowledge

Although many aspects of public education have changed over the last few decades,
the overall goal is still the same: Students need to master a set number of skills to contribute
to society in a meaningful way (Dewey, 1916). The skills deemed appropriate have
transformed, as have pedagogical practices, but to be effective, the curriculum must be
guided by a clear set of content standards grounded in a shared vision of teaching and
learning (Latif, 2014). There is no one-size-fits-all approach to ensuring that all students gain
the knowledge necessary but allowing them the flexibility to take an assessment at varying
points in time and exploring topics based on their interests are effective ways to make sure

that students are realizing their potential (Rose, 2016). Weaving flexibility, autonomy, and
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accountability is integral to realizing Summit Learning’s mission statement, so each of these
characteristics is built into its online learning platform.
Habits of Success
Where the SLP program begins to differentiate from other platforms is support of

qualities that help students develop the skills they need to be successful in life. Recognizing
that students need to be taught in ways that validate their experiences while providing a
culturally responsive education is just the first step to ensuring every student has an equitable
opportunity to succeed (Dee & Penner, 2016). Further, students need the opportunity to have
one-on-one mentoring each week to help set goals and reflect on progress, self-directed
learning to develop self-awareness, and project-based learning to understand concepts in
terms of real-world applications (Farrington et al., 2012; Stafford-Brizard, 2016). By
utilizing these methods to facilitate the learning process, the SLP can help students learn and
grow from their decisions to foster a sense of using knowledge to navigate their worlds,
including community.
Sense of Purpose

Without a sense of purpose, students see learning within a content area as a chore and
become less likely to persevere when challenged. The SLP attempts to build five critical

components within students who participate in the program (Summit Public Schools, 2017):

o Self-Awareness—Students need the freedom and flexibility to explore multiple
interests and the opportunity to reflect on their experiences within such exploration.
e Values—To live a fulfilled life, students must develop their own set of values and

learn how to weigh options based on their values.
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e Relationships—Students must learn how to foster relationships that support their
values and future goals rather than seeing relationships as transactional.

e Credible path toward long-term goals—Students need to be able to communicate their
goals and have a plan to reach them.

e Transition—Students need to have a plan for their next steps after high school that is

aligned with their interests, skills, and passions.

In the traditional model of instruction at two of the high schools, participants of the
control group, students learn content in a linear model, regardless of pre-knowledge.
Instruction is teacher-centered, with direct instruction taking precedence through most
content. Students at the ACE Leadership Academy, participants of the treatment group, have
curriculum facilitated with the SLP. Within the study, students were placed at their
knowledge state within each learning objective and proceeded through the content at their
own pace until receiving a mastery learning percentage, defined by the district as 80% (New
Rochelle School District, 2020). By advancing through mathematics content in such a way,
receiving mentoring support from their teachers, and participating in problem-solving
activities that help align learning objectives to tangible problems within the community,
students in the treatment group are more likely to display the five critical components listed
previously. Consequently, Damon (2008) posits that the students in this program are more
likely to be persistent, resourceful, resilient, and have the capacity for healthy risk-taking.
Most schools seek to support each of these four learning outcomes and have instituted
various wraparound services designed to realize some level of achievement in each. This

quasi-experimental study sought to quantitatively determine if there is a positive association
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between the utilization of the SLP and achievement in mathematics among high school
students in grades nine through eleven.
Rationale for Site Selection

In the following section, an explanation is provided for the reasoning behind the
location selected. Additionally, the participants of the study are described in depth, including
their demographic profile. Once completed, I discuss the methodology and best way to
analyze the results.
Location

Public schools hope to narrow the achievement gap by utilizing technology to support
students and differentiate instruction (Macgilchrist, 2019). Although many schools utilize
technology as enhancements to the curriculum, most traditional classrooms lack the
consistent application of a single adaptive learning software system to personalize
instruction. To determine the effectiveness of the SLP, participants for the study came from
three different public high schools within one school district to provide generalizable
knowledge for local school districts regarding the application of the SLP. The schools in the
study are located within a single community, just outside the urban core of a large
Midwestern city.
Participants

The three high schools are in close geographic proximity, serve families from the
same community, and have been recently re-districted. Due to these commonalities, the
schools have similar demographic profiles, as demonstrated below (New Rochelle School

District, 2020):

e 30-35% diverse population, primarily African American and Latinx
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e 20% FRLQ Students

e Heavy focus on college readiness, especially in science, technology, engineering, and
mathematics (STEM)

e 80% of students pursue post-secondary education

e Experienced teaching workforce: Average experience 11 years, 85% with advanced

degrees

Since all three schools are located within the same district, all courses have identical
curriculum and teachers receive equivalent district-wide professional development, and
students receive the same content within each course. While two of the high schools apply a
traditional model of instruction and the other utilizes a web-based platform, all schools cover
the same subject matter. In eighth grade, students are provided the choice of attending a
school that utilizes a traditional model or one that utilizes the SLP, so the treatment and
control samples are naturally formed without any interaction.

Intended to make inferences about all public-school students that utilize Intelligent
Tutoring Systems at the secondary level, the accessible population consists of students in
grades nine through eleven at each of three high schools. The sample size is approximately
2,500 students, with 2,000 students attending the traditional schools (control group) and 500
attending the ACE Leadership Academy for Innovation (treatment group). Since the ACE
Leadership Academy requires that demographic characteristics be similar across all schools,
there is not a need to account for any potential differences between the control and treatment

groups during the statistical analysis process.
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Methods

Data Collection

The data were collected from the 2018-2019 school year. All participants in the
experimental group completed fall, winter, and spring benchmarks of the NWEA-MAP
mathematics assessment. Additionally, students in both the experimental and control groups
took the pre-ACT (10th grade) and ACT (11th grade). For each assessment, all data were
stored at the district office, and administrators have access to it at any point in time.
Historical data from standardized tests are stored either at the district office or on the servers
operated by NWEA.
Procedure

Approval was gained from the school district before obtaining and utilizing student
data. To follow federal law and maintain student privacy, all guidelines under the Family
Educational Rights and Privacy Acts (FERPA) were followed with fidelity. All data sets are
archived within district student information systems with administrator access, so there was
not a need to directly interact with participants at any time throughout the study. Upon
receiving IRB approval, administrators within district office were contacted to retrieve the
necessary data points. Once written permission was granted from the Executive Director of
Quality and Evaluation, the Director of Curriculum was able to provide access to archived
student data scores on the NWEA-MAP, pre-ACT, and ACT for the 2018-2019 school year.
Data were gathered from this school year due to the unavailability of test results in the 2019-
2020 school year due to the COVID-19 pandemic. Since each student had the choice to enroll
in the ACE Leadership Academy for Innovation and thus be a part of the treatment group,

there was not a need to inform the participants in the study, as students were already in
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naturally formed control and experimental group environments. Since the treatment had
already been applied to the students throughout the 2018-2019 school year, I was able to
access student archival data (demographic and achievement) and execute the experiment.
Design

The study implemented a research design that utilizes both a pretest-posttest and non-
equivalent groups’ posttest model to compare mathematics achievement between a control
and treatment group. The pretest-posttest design was utilized to compare student growth
among those receiving the treatment, as measured by the NWEA-MAP mathematics
assessment given multiple times throughout the year. The nonequivalent groups’ posttest was
applied to compare the results of students in 10th grade on the pre-ACT and students in 11th
grade on the ACT between the control and experimental groups. The control group
comprised of individuals receiving traditional instruction at two of the high schools, and the
experimental group consisted of participants electing to attend the ACE Leadership Academy
for Innovation, which used the treatment (SLP) to deliver content instruction. The treatment
group consists of students who chose to attend the school delivering the treatment program,
and the control group had no knowledge of the SLP and little to no connection to the
participants in the treatment group. As a result, the research design was able to minimize
threats to reliability and validity that typically impact most experimental designs that apply a
similar structure. Finally, because students elected which high school they wanted to attend,
there was not a random assignment of participants, so the design is deemed quasi-

experimental.
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Measures

To generalize findings for similar school districts, the following demographic
information was collected using the administrative data disaggregated by school:
ethnicity/race (Black, Latinx, Multi-Ethnic, and White), gender (male or female), income
status (FRLQ and non-FRLQ), and grade levels (9, 10 or 11). In addition to demographic
information, student achievement data were collected by analyzing mathematics performance
on the NWEA-MAP, pre-ACT, and ACT. Finally, students were classified by the type of
instruction received: traditional instruction versus instruction facilitated by the SLP.
NWEA-MAP

The mathematics portion of the MAP is a norm-referenced adaptive learning test
created by the Northwest Evaluation Association (NWEA), a non-profit that provides
assessment and growth scores for schools across the nation (2011). Utilizing Rasch Unit
(RIT) scores, the achievement level of a student can be determined when compared to same-
aged peers while also gauging how much was learned over a school year (NWEA, 2018). In
addition to using RIT scores to measure achievement levels, the test developers of the
NWEA-MAP have years of reliability and validity evidence (Thum & Hauser, 2015).

For an assessment to be deemed consistent, it must demonstrate test-retest and
parallel reliability (Heale & Twycross, 2015). That is, students who take the same assessment
twice or take an alternate form should score consistently at the same level, within a
reasonable standard error. To demonstrate these two types of reliability, the developers of the
NWEA-MAP have conducted multiple studies that utilize the Pearson r correlation
coefficient. Estimates for test-retest and parallel forms reliability of the NWEA MAP

mathematics test in Missouri yielded Pearson correlation coefficients that averaged 0.87 for
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students in secondary grades (NWEA, 2011). Because the minimum threshold for reliability
is an r-value of 0.80, the NWEA results demonstrate strong reliability (Crocker & Algina,
2008). Additionally, it is also necessary to demonstrate internal consistency among test
items. NWEA created a test to measure internal consistency, called the marginal reliability
coefficient (NWEA, 2011). In a 2009 study, the NWEA MAP mathematics had marginal
reliability coefficients ranging from 0.92 to 0.97 for students in grade nine (NWEA, 2011).
Since a Cronbach’s Alpha value of 0.70 or higher is deemed consistent, the NWEA-MAP
met this minimum criterion (Cortina, 1993).

Lastly, it is important to distinguish if an assessment measures what it is supposed to,
referred to as construct validity (Bagozzi & Phillips, 1991). In 2009, a test to determine
concurrent validity for the NWEA-MAP mathematics averaged 0.84 for 9th grade students
(NWEA, 2011). For an assessment to have construct validity, a Cronbach’s alpha must be
above is 0.70, which means that once again, the NWEA-MAP can be a deemed valid
assessment for this research (Cortina, 1993; Bland & Altman, 1997).

Pre-ACT and ACT

In addition to the NWEA-MAP, which measured differences within the treatment
group, the pre-ACT and ACT were essential to compare the control and treatment groups.
Both the pre-ACT and ACT are norm-referenced tests that consist of four subject areas
(English, Mathematics, Science, and Reading). ACT utilizes a scale to determine how far
away from the target mean of the assessment a student is, theoretically demonstrating how
"college-ready" students may be (Kolen & Hanson, 1989; Kolen, 1991). Because it has been
utilized for over three decades, the pre-ACT and ACT have consistently communicated both

reliability and validity evidence.
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To demonstrate test-retest and parallel reliability, test developers have conducted
multiple studies that utilize the Pearson 7 correlation coefficient. In 2011, estimates for test-
retest and parallel forms reliability yielded median reliability of 0.91, as measured by the
Pearson » (ACT, 2017). As previously stated, the minimum threshold is an r-value of 0.80,
which implied that the results from both assessments are reliable. On the pre-ACT and ACT,
internal consistency yielded a median value of 0.87 with a range of 0.84 to 0.91, utilizing a
sample size of 20,000 (ACT, 2017). Since a Cronbach’s Alpha value of 0.70 or higher is
needed to deem an assessment has internal consistency, both the pre-ACT and ACT met this
minimum requirement (Bland & Altman, 1997).

Especially when utilizing the ACT, which forecasts post-secondary achievement, the
assessments should be reasonably accurate when predicting success at the post-secondary
level. To determine if the pre-ACT and ACT had construct validity, Noble and Sawyer
(2002) analyzed concurrent validity over each content area with multiple ACT assessments.
They observed a range in r-value of 0.70 to 0.92, with a median value of 0.81, which
provided strong evidence for construct validity. In the next section, the procedural details of
the study are discussed.

Analysis

The study seeks to determine the effectiveness of the SLP, an adaptive learning
assessment software, on mathematics achievement for secondary students in grades nine
through eleven. I utilized a quasi-experimental design and both a pretest-posttest and posttest
only methodology with a control and treatment group made up of students from three high

schools within the same school district.
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Independent and Dependent Variables

In the first and second research questions, the independent variable was the
demographic classification of the students who attend the ACE Leadership Academy.
Because the NWEA-MAP mathematics test is only given to the treatment group, only
students who are in the treatment group were included. For the remaining questions in this
study, the types of instruction within the school served as the independent variables.
Traditional instruction is utilized in two of the high schools with a limited pedagogical
application of adaptive learning technology. For following student learning at the ACE
Leadership Academy for Innovation, the SLP is utilized to assess student learning and apply
the necessary content for each subject area. For the purpose of following student learning at
the ACE Leadership Academy, the NWEA-MAP mathematics test is given at three separate
times throughout the school year. These test results were analyzed to determine growth in
student mathematics achievement. Unfortunately for this study, the high schools that make
up the control group do not employ the NWEA-MAP consistently, opting to only give the
test to students receiving special education and those in remedial courses like pre-Algebra.
However, all students within the school district take the pre-ACT in 10th grade and the ACT
in 11th grade. Thus, these tests served as comparison data for students in the control and
treatment groups. In the next section, the following research questions for this study are
addressed, while also providing the corresponding hypotheses and rationale for statistical
tests.
Research Question 1

Is there a significant difference in NWEA-MAP mathematics scores when comparing

student pretest and posttest results among students using the SLP?
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Research Question 2

How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the NWEA-MAP? Specifically, do
scores differ among Black, Latinx, Multi-Ethnic and White students? Are scores different
between FRLQ students and non-FRLQ students?

Hypothesis 1. There is no significant difference in NWEA-MAP mathematics scores
when comparing student pretest and posttest results among students using the SLP.

Hypothesis 2. There is no significant difference in mean posttest NWEA-MAP
mathematics scores among students by race/ethnicity and income status when using the SLP.

Statistical Tests and Rationale. To test the first and second hypotheses, student gain
scores were calculated utilizing the RIT score guidelines from NWEA-MAP. This calculation
involved subtracting pretest RIT scores from the mathematics portion of the NWEA-MAP
from posttest RIT scores. A single-sample paired ¢-test was used to determine if the gain
score is significantly different from 0, defined as no mathematics growth among students in
the treatment group, the independent variable. Finally, a mixed analysis of variance
(ANOVA) was used to test the second hypothesis, where Black, Latinx, White, Multi-Ethnic,
FRLQ, and non-FRLQ groups served as the independent variables and NWEA-MAP scores
served as the dependent variable. The effect size can also be helpful, so a post hoc Tukey
Test determined if one of the specific groups' means is different (Brillinger, 1984). Because
the first two hypotheses only include students from the SLP, it is only appropriate to include

students in grades nine through eleven at the ACE Leadership Academy for Innovation.
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Research Question 3

Is there a significant difference in ACT mathematics scores when comparing 11th
grade students who received traditional instruction and students who receive instruction
using the SLP?

Research question 4

Is there a significant difference in pre-ACT mathematics scores when comparing 10th
grade students who received traditional instruction and students who receive instruction
using the SLP?

Hypothesis 3. There is no significant difference in ACT mathematics scores between
11th grade students who received regular instruction and students who received instruction
using the SLP.

Hypothesis 4. There is no significant difference in pre-ACT mathematics score
between 10th grade students who received a regular instruction and students who received
instruction using the SLP.

Statistical Test and Rationale. To test the third and fourth hypotheses, a ¢-test
compared the test results of 10th/11th grade students receiving traditional instruction with
10th/11th grade students who are progressing through the instruction of the Summit Learning
Platform. In both statistical tests, the independent variables were the type of school a student
attends and the dependent variable was the corresponding mathematics sub-score on either
the pre-ACT (10th grade) or ACT (11th grade). Additionally, I ran a post hoc test, Cohen's d,
to determine the effect size when comparing the performance of students who received

traditional instruction to students utilizing the SLP (Cohen, 1977).
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Research Question 5

How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the pre-ACT? Specifically, do scores
differ between Black, Latinx, Multi-Ethnic and White students? Are scores different between
FRLQ students and non-FRLQ students?

Hypothesis 5. There is no significant difference in pre-ACT mathematics scores
among students by race/ethnicity and income status when using the SLP.

Statistical test and rationale. Finally, to test the fifth hypothesis, scores on the pre-
ACT were disaggregated by demographic categories (Black, Latinx, Multi-Ethnic, White,
FRL, White, and non-FRL) and perform a factorial ANOVA test, where there are two
treatments (SLP and non-SLP), two income statuses (FRLQ or non-FRLQ) and demographic
categories, mentioned above. The demographic categories served as independent variables
and the corresponding student pre-ACT scores functioned as dependent variables. A post hoc
Tukey Test helped determine the potential effect size of the results. Before presenting any
analyses or findings, the limitations and ethical concerns of the research must be discussed.

Limitations

The high school that employs the SLP as a vehicle for content delivery is only in its
fourth year overall and first with students in grades nine through twelve. As a result,
longitudinal data like graduation rate, number of remedial courses taken in college, advanced
placement (AP) enrollment, or college graduation rate cannot be considered within the scope
of this study. While these measures might paint a more holistic picture of student success,
they are not available at this time. Students are also presented with the option of enrolling in

the treatment group, creating self-selection bias. Theoretically, this could create a situation in
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which only high-achieving students elected to attend the control or treatment group. Finally,
students can transfer from the high school that utilizes the SLP to a one of the traditional high
schools (and vice versa) at the end of each school year. Students who engaged in such a
practice did not qualify for the study and were removed utilizing the process of listwise
deletion, as students who fit such a description had missing data points.

An additional limitation that had an impact on the ability to gather data for the 2019-
2020 school year was the changes in testing that have occurred due to the COVID-19
Pandemic. Missouri has canceled all statewide testing for the 2019-2020 school year, and
nationally, the ACT and pre-ACT tests have been postponed. As a result, only data from the
2018-2019 school year was utilized. This created a few issues for the study, as it impacted
the sample size on some statistical tests and made it more challenging to ensure that
underrepresented groups of students were accurately depicted by the available data. In
particular, the sample size for the treatment group was much smaller (n =14) than the control
group (n =277) for the ACT. As previously mentioned, the disparity in sample sizes was due
to the inability to utilize test data from the 2019-2020 school year. Further, as students
returned to school in the fall, they were given the opportunity to attend school virtually. Due
to this factor, there were two potential problems. First, the new modality of learning acted as
a large confounding variable within the study, threatening to undermine any results gleaned.
Secondly, all students who selected virtual learning were placed in a separate location within
the student information system. Although such an approach was helpful for both
administration and staff, it meant the process to place students in their appropriate

designation (control vs. treatment) was convoluted. This was yet another reason to utilize
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data from a previous year, and any students who were impacted by a change in learning
modality were removed from the study.
Ethical Consideration

For the integrity of the study, it is important to note that student data were used from
the high school and school district that employs me. As a result, various ethical
considerations were addressed in this study. Specifically, all measures were taken to ensure
that student privacy was protected via FERPA. Further, all markers of individual students
were removed so that students could only be classified by demographic markers. Finally,

before collecting any student data, IRB approval was granted for the study.
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CHAPTER 4
RESULTS OF ANALYSES AND CONCLUSIONS

The purpose of this study was to determine the effectiveness of the Summit Learning
Platform (SLP) on student achievement in mathematics, as measured by pre-post and
between-groups measures. The traditional focus of schools on cognitive reform and the
subsequent deemphasis on the affective needs of students may negatively impact student
achievement in mathematics (Barieva et al., 2018). This study sought to determine if the SLP
can effectively utilize a more holistic approach to education in order to better meet the needs
of students. As stated in Chapter 3, there were five hypotheses tested in this study. Each was
chosen to distinguish if learning was occurring within the treatment group and subsequently,
if a significant amount of learning was occurring when the treatment group was compared to
the control group (Summit Learning Platform vs. traditional high school instruction,
respectively). Within each hypothesis test, learning was measured by performance on a

norm-referenced standardized test. The null hypotheses are described below:

e Hypothesis 1. There is no significant difference in NWEA-MAP mathematics
scores when comparing student pretest and posttest results among students using
the SLP.

e Hypothesis 2. There is no significant difference in mean posttest NWEA-MAP
mathematics scores among students by race/ethnicity and income status when
using the SLP.

e Hypothesis 3. There is no significant difference in ACT mathematics scores
between 11th grade students who received regular instruction and students who

received instruction using the SLP.
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e Hypothesis 4. There is no significant difference in pre-ACT mathematics score
between 10th grade students who received a regular instruction and students who
received instruction using the SLP.

e Hypothesis 5. There is no significant difference in pre-ACT mathematics scores

among students by race/ethnicity and income status when using the SLP.

Descriptive statistics and chi square tests determined there was a similarity among
schools involved in the study to discern the appropriateness of any generalizations. Next,
each of the hypotheses were addressed using the statistical tests described in Chapter 3.
Results from each of these tests are presented in the following sections.

Characteristics of Experimental and Control Groups

To adequately compare the results between each school, the descriptive statistics to
determine if populations within the experimental and control groups are detailed. As all
subject selection was done utilizing historical data, the study itself is deemed quasi-
experimental. The school district was recently redistricted to account for enrollment
inequities, so the demographics of each school can be considered similar. To provide a
complete picture of the data, the following variables were examined: grade level, race,
gender, and income status.

There are a few characteristics unique to the treatment group. In the first two years of
existence, the Ace Leadership Academy for Innovation (ACE) had to restrict the number of
applicants based on attendance due to space constraints. Rather than operating out of a school
building, the district had to lease and repurpose office space. Although no students were
denied entry into the treatment group, the amount of advertisement increased by year three,

leading to a higher enrollment. For the purposes of this study, most 9th and 10th grade
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students are not included, as they did not have an opportunity to take standardized tests in the
spring of 2020 (see Chapter 3). Although this restricts the sample size of the group, it also
provides a closer correspondence between treatment and control groups based on grade level,
as demonstrated in Table 4.1. A chi-square test confirmed the groups were not significantly
different (p =.53).

Table 4.1

Comparison of Control/Treatment Group Participation by Grade Level (n = 2756)

Grade Percent (%) Frequency (n)
ACE Traditional ACE Traditional
9th 32.59 25.57 146 590
10th 26.56 24.52 119 566
11th 18.53 24.83 83 573
12th 22.32 25.09 100 579
Total 100 100 448 2308

I next examined the treatment and control groups by gender, race, and income status.
Although there is a correspondence between control and treatment groups based on gender
confirmed by a chi-square test (p > .05; table 4.2), there is slight discrepancy in the
correspondence between the treatment and control groups based on race (table 4.3). Of note,
Asian and Indian students were not accounted for in any of the statistical tests, as these
underrepresented groups did not have large enough of a sample size to be included on data
reported by the Department of Elementary and Secondary Education (2019).

Finally, there appears to be a slight difference in the correspondence between the
treatment and control groups based on income status, as measured by students who qualify
for Free- and Reduced-Lunch (FRLQ). When comparing the treatment and control groups,
there are 4% more FRLQ students in the treatment group, but a chi-square test determined

that there was not a significant difference (p = .17; table 4.4).
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Table 4.2

Control and Treatment Group Participation by Gender (n = 2756)

Gender Percent (%) Frequency (n)
ACE Traditional ACE Traditional
Male 54 53 240 1216
Female 46 47 208 1092
Total 100 100 448 2308
Table 4.3

Control/Treatment Group Participation by Race (n = 2756)

Race Percent (%) Frequency (n)
ACE Traditional ACE Traditional

Asian 3 4 12 93
Black 6 10 28 235
Latinx 10 10 44 236
Indian 1 1 3 13
Multi-Ethnic 5 6 24 127
White 75 69 336 1593

Total 100 100 448 2308
Table 4.4

Control/Treatment Group Participation by Income Status (FRLQ) (n = 2756)

Lunch Status Percent (%) Frequency (n)
ACE Traditional ACE Traditional
Free 16 13 69 296
Reduced 4 3 19 76
Full Pay 80 84 360 1936
Total 100 100 448 2308

Although there is an indication of a slight differences in the demographic profile of
both the control and treatment groups, there is still a significant amount of correspondence,
which. As a result, it is reasonable to assume the performance of students, as measured by the

NWEA-MAP, pre-ACT, and ACT should be expected to be similar, as each set of students
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had received comparable instruction prior to their experience in the control or treatment
group. Based on the descriptive statistics and chi square tests, analyses preceded; there was
no significant difference among demographic groups (White, Black, Latinx, Multi-Ethnic,
and FRLQ). Statistical analyses were performed to address each of the hypothesis tests, with

post hoc analysis completed as appropriate to answer the following research questions:

1. Is there a significant difference in NWEA-MAP mathematics scores when comparing
student pretest and posttest results among students using the SLP?

2. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the NWEA-MAP?
Specifically, do scores differ among Black, Latinx, Multi-Ethnic and White students?
Are scores different between FRLQ students and non-FRLQ students?

3. Is there a significant difference in ACT mathematics scores when comparing 11th
grade students who received traditional instruction and students who receive
instruction using the SLP?

4. 1Is there a significant difference in pre-ACT mathematics scores when comparing 10th
grade students who received traditional instruction and students who receive
instruction using the SLP?

5. How do mean posttest mathematics scores differ among students by race/ethnicity
and income status when using the SLP, as measured on the pre-ACT? Specifically, do
scores differ between Black, Latinx, Multi-Ethnic and White students? Are scores
different among Free- and Reduced-Lunch Qualifying (FRLQ) students and non-

FRLQ students?
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Hypothesis Testing

In hypotheses 1 and 2, the only data analyzed come from students who attend the
treatment group, which utilizes the SLP. The null hypotheses are as follows:

Hypothesis 1. There is no significant difference in NWEA-MAP mathematics scores when
comparing student pretest and posttest results among students using the SLP.

Hypothesis 2. There is no significant difference in mean posttest NWEA-MAP mathematics
scores among students by race/ethnicity and income status when using the SLP.

Students in the treatment group exhibit a RIT score improvement of 4.36 (233.52 to
237.87) on average, or an observed value roughly 60% higher than what is expected (Table
4.5). Since students in the control group do not take the NWEA-MAP, there is no feasible
way to determine if such an improvement is due to the SLP and teaching methodology or if it
is simply a product of the school district. Subsequent hypotheses tests hope to address such a
question, while also determining if there is any inequity among the studied demographic
groups.

Table 4.5

Single Sample Paired t-test Summary Statistics

Paired Samples Statistics (n = 321)

Mean Std. Deviation (SE)
Fall (pretest) 233.51 19.32 (1.08)
Spring (posttest) 237.87 19.89 (1.11)
Correlation
Correlations .924*

The single sample paired #-test results show there is a statistically significant

difference in the mean spring mathematics Rasch Unit (RIT) score, as highlighted in table
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4.6. As a result, the null hypothesis should be rejected. In addition to being statistically
significant, the increase of mean test score can be interpreted further utilizing the RIT score.
The mathematics student growth norms for the NWEA average 2.7 for high school students
(NWEA, 2018). In other words, the average student exhibits a year of content growth if their
RIT score improves by 2.7.

Table 4.6

Single Sample Paired t-test Results

Paired Samples Test (n = 321)
Paired Differences
Mean Std. Dev. SE Lower Upper t df p
Pre/Post 4.36 7.68 43 3.51 5.20 10.16 320 <0.001

The second hypothesis was tested using a mixed analysis of variance (ANOVA) using
the SPSS General Linear Model. The mixed ANOVA demonstrates there are significant
results within the demographic groups based on race and income status, as measured by Free-
and Reduced-Lunch Qualifying (FRLQ) students. Because there are only two groups in the
FRLQ category (students qualify or they do not), a significant p-value (p <.001) results in
the rejection of the null hypothesis (table 4.7). In addition to FRLQ, the results from the
mixed ANOVA also indicated that student race was significant at the .05 alpha level. Thus,
the second null hypothesis was rejected as well.

The results indicated that there was at least one race significant in the demographic
profile, and to determine which race or races were significant, and at what level, I performed
a post hoc Tukey test (table 4.8). When compared to their peers in each of the other four
demographic profiles in the study, Black students had a smaller increase in their performance
on the mathematics portion of the NWEA-MAP. Further, Latinx students were not

statistically significant at the .05 level when compared with any other group. These results
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dictate a trend that will be further discussed in Chapter 5; Black students experienced the
least growth of any demographic group within the treatment and started with the lowest
average performance on the fall NWEA assessment.

Table 4.7

Mixed Analysis of Variance Results

Between Subjects Effects

Type III Sum
Source of Squares df Mean Square Sig.
Intercept 4496840.96 1 4496840.96 .000
Race 19839.03 5 3967.81  .000*
FRLQ 6336.12 1 6336.12  .001*
Race*FRLQ 140.57 4 35.14 994
Error 191219.66 311 614.85
Table 4.8
Post hoc Test and Analysis
Multiple Comparisons
Race Race Mean Difference  Std. Error Sig.
Black (B) L -15.45" 4.53 .007
M -20.69" 5.18 .001
Y -23.91° 3.45 .000
Latinx (L) B 15.45" 4.53 .007
M -5.24 5.11 .843
Y -8.46 3.35 .088
Multi-Ethnic (M) B 20.69" 5.18 .001
L 5.24 5.11 .843
Y -3.22 4.18 939
White (W) B 23.91° 3.45 .000
L 8.46 3.35 .088
M 3.22 4.18 939

* significant at the alpha = .05 level
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The first two hypothesis tests dealt solely with the treatment group. To gauge
effectiveness within the district, the following hypothesis tests compared results on the ACT
and pre-ACT for students in the control and treatment groups.

Hypothesis 3. There is no significant difference in ACT mathematics scores between 11th
grade students who received regular instruction and students who received instruction using
the SLP.

Of all the measures used in the study, the ACT is the only high-stakes test result that
tied to each student’s performance. For this reason, test scores on the NWEA and pre-ACT
may not correlate perfectly to student knowledge, despite the school district utilizing the data
for scheduling and placement in particular courses, like Advanced Placement (AP) or ACT
preparatory classes. Analyzing the results from the ACT may prove more fruitful, as students
are expected to create an account, pay a fee, and show up on a non-school day to receive their
results. Because of these differences, the ACT mathematics sub score might be more
indicative of students’ true knowledge state for both the control and treatment groups.

There was a mean difference in mathematics ACT result when comparing students
attending ACE Leadership Academy (treatment group) and those receiving a traditional
instruction (control group). The treatment group (n = 14) had an average score of 21.36,
while the control group (n =277) slightly outperformed ACE with a mean score of 24.40.
On the ACT, a college ready score is deemed to be a 22 on the mathematics subsection, and
only the control group reached this benchmark (ACT, 2017). In order to proceed with a
statistical test, Levene’s Test for Equality of Variance was performed to ensure both the
treatment group and control group were homogeneous. Since the p-value (p =.116) was

greater than .05, the population variances are equal.
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The control group outperformed the treatment group by a mathematics sub score of
roughly 3 (p <.05; table 4.9). Thus, there is a statistically significant difference between
students who had received traditional instruction and students who had received instruction
using an Intelligent Tutoring System, as measured by the mathematics portion of the ACT,
favoring traditional instruction. Further, Cohen’s d indicates a medium effect size of the
independent variable (school attended) on the dependent variable (mathematics sub score on
the ACT).

Table 4.9
Statistical Comparison Between Control and Treatment Groups for ACT Results

Independent Samples #-test

Sig.(2- Mean Std. Error

t df tailed) Difference Difference Lower Upper
ACT Equal -2.088 289  .038* -3.040 1.456 -5.906 -.174
Variances
Assumed
Equal -1.710 13.858 .110 -3.040 1.778 -6.857 777
Variances
Not
Assumed

Cohen’s d: 57197

* significant at the alpha = .05 level
Hypothesis 4. There is no significant difference in pre-ACT mathematics score between 10th
grade students who received a regular instruction and students who received instruction using
the SLP.
There was a slight mean difference in mathematics pre-ACT result when comparing
students attending ACE Leadership Academy (treatment group) and those receiving a

traditional instruction (control group). The treatment group (n = 168) had an average score of
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19.43, while the control group (n = 972) slightly outperformed ACE with a mean score of
20.22. On the pre-ACT, a college ready score is deemed to be a 22 on the mathematics
subsection, and neither program reached this benchmark (ACT, 2018). The next procedure
performed included a statistical test, Levene’s Test for Equality of Variance was performed
to ensure both the treatment group and control group were homogeneous. Since the p-value
(p = .282) was greater than .05, the population variances are equal.

The control group outperformed the treatment group by a mathematics sub score of
roughly 0.8 (table 4.10). As a result, the null hypothesis was not rejected, as there was not
enough evidence to assume that there was a significant difference between students who had
received traditional instruction and students who had received instruction using an Intelligent
Tutoring System, as measured by the mathematics portion of the pre-ACT. Further, Cohen’s
d indicates that the effect size is rather small (table 4.10), which indicated that the difference
between groups is negligible.

Table 4.10
Statistical Comparison Between Control and Treatment Groups for Pre-ACT Results

Independent Samples #-test

Sig.(2- Mean Std. Error

t df tailed) Difference Difference Lower Upper
Pre-  Equal
ACT  Variances 1.79 1138 .073 .79 442 -.07 1.66
Assumed
Equal
Variances 1.87 236.54 .063 .79 424 -.04 1.63
Not Assumed

Cohen’s d: .14989

Null hypotheses 1 through 4 reviewed a detailed comparison of student performance

between ACE Leadership Academy and traditional instruction, and the results indicated that
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traditional instruction is more conducive to mathematics achievement. Next, in order to
attempt to determine if minoritized students are benefiting from the alternative method of
instruction, the following hypothesis was tested:

Hypothesis 5. There is no significant difference in pre-ACT mathematics scores among
students by race/ethnicity and income status when using the SLP.

To have an idea about disaggregated student achievement, as measured on the
mathematics subsection of the pre-ACT, data were reviewed and disaggregated by race and
income status. After each level was accounted for, student performance was analyzed based
on mean score and standard deviation for both the treatment group (traditional instruction)
and control group (Summit Learning Platform at ACE).

Students who are not Free- and Reduced-Lunch Qualifying (FRLQ) generally score
higher than FRLQ students, and the control group generally scores higher than the treatment
group (see table 4.11). This was consistent with the research surrounding the achievement
gap discussed within Chapter 2. There were a couple of exceptions, however. First,
although Black students who are full-pay earned a higher average score in the treatment
group, Black students who are FRLQ scored higher in the control group. Further, Latinx
students who are FRLQ maintained a higher average on the mathematical portion of the pre-
ACT when compared to their non-FRLQ counterparts. These data demonstrate a trend that
may be concerning to school districts hoping to narrow the achievement gap through the
utilization of educational technology. In order to analyze the trend for significance, the

relationship among race, income status, and school attended was examined.
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Table 4.11

Descriptive Statistics for pre-ACT Results Based on Race, FRLQ, and School Attended

Descriptive Statistics

Treatment Control

Race Income Status Mean (SD) Mean (SD)
Black FRLQ (n =40) 13.50 (1.73) 15.25 (3.28)
Full-Pay (n =52) 17.17 (4.12) 15.83 (3.66)

Latinx FRLQ (n=20) 20.00 (5.23) 17.25 (3.57)
Full-Pay (n =81) 18.33 (3.34) 19.33 (5.00)

Multi-Ethnic FRLQ (n=17) 13.00 (2.55) 17.17 (3.38)
Full-Pay (n =43) 18.60 (4.22) 20.55 (5.10)

White FRLQ (n=70) 19.45 (5.22) 18.54 (5.06)
Full-Pay (n = 772) 20.14 (5.09) 21.02 (5.26)

The factorial ANOVA demonstrated significant results within the demographic
groups based on race, but income status (FRLQ) and school attended (control vs. treatment)
did not yield significant results (Table 4.12). Further, when analyzing the permutations of
Race, FRLQ, and School, there were no combinations that yielded significant outcomes. Due
to these results, the null hypothesis was not rejected. However, understanding which
demographic categories of race yielded significant results may aid in future studies. Because
there was at least one race in the demographic profile that was significant, a post hoc test was
performed to determine which race yielded significant results. As future researchers may
look to this study, it was helpful to clearly determine if a particular race demonstrated

significant gains or losses after utilizing the Summit Learning Platform.
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Table 4.12

Factorial Analysis of Variance for pre-ACT Results Based on Race, FRLQ, and School

Tests of Between-Subjects Effects

Type III
Sum

Source of Squares df Mean Square F Sig.
Corrected Model 3534.25 22 160.65 6.36  .000
Intercept 22163.69 1 22163.69 872.69  .000
Race 768.76 6 128.13 5.05*%  .000
FRLQ 84.44 1 84.44 333  .069
School 9.31 1 9.31 37 545
Race*FRLQ 107.96 5 21.59 85 514
Race*School 76.59 4 19.15 75 555
FRLQ*School 16.11 1 16.11 .63 426
Race*FRLQ*School 120.78 4 30.19 1.19 314
Error 28368.33 1117 25.40

Total 492675.00 1140

Corrected Total 31902.58 1139

a. R Squared=.111 (Adjusted R Squared =.093)
b. * Result is significant at the alpha =.001 level

Conclusions and Summary

The results of the statistical analysis demonstrate that the SLP has a statistically
significant positive effect on students’ spring NWEA-MAP Mathematics score when
compared with their fall score. With an average RIT score increase of nearly 4.4, students
who utilize the SLP achieve at levels 60% higher than what would be expected of a typical
high school student who takes the NWEA-MAP. An important aspect of the study involved
the deeper analysis of which students benefit from this type of instruction. As demonstrated
in Tables 4.7 and 4.8, FRLQ students achieved lower scores when compared to non-FRLQ
students, and Black students earned lower scores when compared with any other
demographic group. These were the only two differences that were significant when

measured at the .05 alpha level.
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In Chapter 5, the implications of these results for the field of education are discussed,
weighing the potential benefits with the costs associated with implementing the facets of the
SLP within a school building. Moreover, recommendations for future research are explored
to address potential gaps in this study to make it more applicable to schools around the

nation.
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CHAPTER 5
DISCUSSION

The results of this study are interpreted in context of the research questions addressed
and in conjunction with other relevant literature, as discussed in Chapter 2. Central to the
analysis and discussion are the educational implications for both secondary schools and
future research. To understand any potential ramifications this study can have on the field of
education, it is crucial to have a grasp on policy reform that has shaped mathematics
instruction over the past decades.

Overall, the physical structure of education has fundamentally remained the same
over the course of a century. Students are often grouped in rows, placed in classrooms with
other peers in the same age group, and proceed from room to room after a finite number of
minutes. This structure affects learning outcomes for some students who benefit from more
personalized learning. When compared to other countries, the United States consistently lags
in standardized test scores and STEM skills (NCES, 2017). Policy changes in the 21st
century have cut into this deficit, and the No Child Left Behind (NCLB) Act normalized the
process of accumulating and tracking data (NCLB, 2002). By holding school districts
accountable for their students’ learning, the struggles of underserved populations became
measurable. Moreover, government at the local, state, and federal levels could begin to
quantify the effect on groups of students that received fewer resources, especially in high
poverty urban districts (Linn et al., 2002). Later, the Obama Administration utilized Race to
the Top (R2T) and Every Students Succeeds Act (ESSA) to address the deficiencies of the
NCLB. Success was no longer measured only by a snapshot of school success. Instead,

individual performances by underrepresented groups of students became a primary focus, as
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equity and social justice became driving forces within the method of curriculum delivery
(ESSA, 2015). These policy reforms have resulted in positive movement for U.S. students
when measured by the Programme of International Student Assessment (PISA) and on the
Trends in International Mathematics and Science Study (TIMSS), but such movement has
not occurred quickly enough or shown great enough improvement for politicians (Lowry,
2017). Moreover, mathematics has continually functioned as a gate-keeping course to college
enrollment and retention of students. Thus, schools have attempted reforms aimed at
improving pedagogy and addressing the achievement gap, which has routinely indicated that
students of color and students coming from low income backgrounds perform worse than
their more affluent peers (NAEP, 2017). Several scholars caution schools to look beyond
numbers or “gap gazing” (Gutierrez, 2008), maintaining the causes of the achievement gap
are more complex and multiple gaps exist in schools (Irvine, 2010; Ladson-Billings, 2006;
Milner 2012, 2013). As technology has become more advanced, opportunities for blended
learning have shown promise in supporting students who are performing behind their current
grade levels.

One of the downsides of additional levels of accountability for school districts is the
search for quick solutions and fast turnarounds. Entrepreneurial companies are stimulated by
hopes of profiting from accountability; occasionally, districts purchase a product or system
that does not effectively alter student learning. One common product involves an Intelligent
Tutoring System (ITS), which attempts to simulate student learning, gauge a student’s
knowledge level in a certain content area, and provide immediate feedback to the student and
teacher in real-time. Clearly, there are several areas that can go wrong. If the ITS model does

not accurately gauge student knowledge, then it is fundamentally useless. If the program is
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confusing for the student and they cannot navigate it properly, then the data gained cannot be
used. Finally, if the feedback is inaccurate, presents challenges, or is not immediate, then
instruction may not be appropriate. Even successful models are too often abandoned, as
larger companies purchase them, they go bankrupt, or the technology becomes obsolete
(Selwyn, 2015).

As the chapter progresses, a brief discussion of findings that addresses the research
questions for this study sets the tone for discussion of implications of findings and
recommendations for future research. This discussion will shed light on the original purpose
of the study; to determine if there was a positive association between utilizing the SLP and
achievement in mathematics. Highlighting the limitations of the study adds to the
recommendations for future research. Final thoughts communicate the overall journey of this
project and justification for educational technology to close the achievement gap.

Discussion of Findings

To determine if there was a positive association between the utilization of the SLP
and student achievement, as measured by the NWEA-MAP, pre-ACT, and ACT, several
questions were formulated.

Does the use of the SLP positively impact student achievement in mathematics?

When looking at pretest and posttest results among students in the treatment group, it
was determined that their RIT scores grew by a statistically significant amount. With a
computer-adaptive test like the NWEA, students tend to experience a median gain score of
2.7. In the treatment group, gains for all students averaged 4.36, an observed value 60%

higher than would be expected.
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Does the SLP support the needs of traditionally underserved populations, like Black,
Latinx, Multi-Ethnic, and FRLQ students?

The answer to this question is complex. Yes, there is statistical difference when
measuring the effects of race and FRLQ, but the benefits are still greater for certain
demographic groups. For example, Black and Latinx students were the lowest performing
groups on the pretest and experienced the smallest gains, as measured on the NWEA pretest.
So, although the improvement was significant, as demonstrated in the previous question,
White students benefited more from the utilization of the SLP.

Is the SLP more beneficial to student achievement than traditional methods of
instruction?

Based on the statistical analysis conducted within the research, there was no
difference between student achievement and method of instruction on the pre-ACT, as
measured by the test scores of students who were taught via the SLP and traditional
instruction. There was a difference favoring traditional instruction, however, when analyzing
method of instruction and performance on the ACT test, with these students scoring 3.0
points higher in the control group. These results may be misleading, as the control group was
much larger in size than the treatment group (n = 277 and n =14, respectively). In future
studies, increasing the sample size to be more equivalent and maintaining current data could
potentially impact these results. Additionally, these sample sizes were greatly impacted by
the COVID-19 pandemic, which restricted student access to the ACT exam. In the study,
only students from three grade levels were included, and more exposure to the SLP could

potentially impact student achievement in a positive direction.
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Can the SLP better meet the needs of underserved populations, like Black, Latinx,
Multi-Ethnic and FRLQ students, than traditional models of instruction?

Based on the statistical analysis conducted within the research, there was no
difference between student achievement and method of instruction. However, a post-hoc
analysis within Hypothesis 5 demonstrated which of the categories of race were deemed
statistically significant when compared to one another. Black students averaged a
mathematics scaled sub score on the pre-ACT that was 3.3 points lower than Latinx students,
3.5 points lower than Multi-Ethnic students, and 5.1 points lower than White students. All of
these were significant at the .01 alpha level. Latinx students averaged a mathematics scaled
sub score on the pre-ACT that was 1.8 points lower than White students, which was
significant at the .05 alpha level. It is crucial to note that these values shared in the post hoc
analysis do not delineate students by school, but these results may provide better insight to
provide an answer to the aforementioned question.

Implications of Findings

Before the novel Coronavirus (COVID-19) Pandemic, school districts were already
seeking to support the varied needs of their students through the utilization of technological
tools. Amid the reaction to the pandemic, schools have only increased their search as they
seek to support students who are virtual learners (Adnan & Anwar, 2020). Further, the
COVID-19 pandemic has ultimately forced the hands of many districts, opening the option of
fully online education. For better or worse, school districts across the nation had to decide
about their learning platform and its ability to meet the needs of students in an equitable
manner. Implications of findings involve effective use of technology, personalizing

classrooms, and culturally responsive leadership.
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Making Decisions Regarding Effective Technology

Schools consistently on the cutting edge of effective pedagogical practices often look
to technology to supplement instruction. However, when decisions about long-term solutions
to a problem are made without adequate inquiry or research, a poor selection of technology
may occur. Consumers often see that technology in their daily lives becomes obsolete nearly
the moment it is taken home. Cell phones, cars, televisions, and even refrigerators utilize
technology that has an end date. The same is true with ITS models, and the consistent
changes lead to an unfortunate reality: There is simply not enough research in the field of
educational technology to allow a school district to make a well-informed choice all the time
(Bergman & Chan, 2019).

Despite the need for technological innovation within schools, many districts are
choosing options that are untested (Barrett & Pas, 2020). Moreover, there is a lack of
independent research to indicate the success or failure of a given program. The only research
provided to schools is conducted by the organization destined to make money if their
platform is chosen. Further, even when the research is performed, it is often conducted by the
company itself, which leads to a conflict of interest. Such a reality creates a variety of
problems, and the research conducted in this study was intended to fill a gap that currently
exists in the larger body of educational research.

Understanding the effectiveness of ITS in schools and impact on student achievement
is critical to make an informed choice on whether to commit thousands of dollars of
resources. For this reason, the results from this study have a variety of ramifications for

secondary schools and future research. As many schools are utilizing programs to support
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student learning at home, knowing if the Summit Learning Platform (SLP) is effective for
students would be vital prior to switching from an alternate student learning platform.
Personalizing the Educational Process to Close Gaps

If an ITS can weave together understanding what a student knows and give them
feedback in real time, it can truly personalize the educational process, and improve interest,
motivation, and engagement in learning (Hwang & Chang, 2016). Moreover, the teacher can
be freer in the classroom. Instead of teaching to the middle and spending time crafting a
lesson that is only likely to meet most students’ needs, the teacher becomes a facilitator who
can support students at their current ability levels. As school districts have continued their
search to find high quality educational programs that utilize technology to bridge
achievement gaps, based on standardized tests, many have begun to turn to blended learning
environments (Boelens et al., 2018; Smallhorn, 2017). Decision-makers at the building and
district levels consistently seek to make the educational environment more personalized, and
the most efficient way to do so is to utilize technology to track student progress, provide in-
depth feedback, and allow for learning to be as fluid as the ability levels of the students.
Commonly called authentic, rigorous, or real-world, these types of experiences allow
students to take ownership over their learning by focusing on a student-centered,
personalized approach. Unfortunately, such personalized instruction without the aid of useful
technological research is nearly impossible to manage, as there is simply too much data for a
teacher to sort through and assess in real-time (Taylor, 2017). Although not the original
intent of this research, the study may have a wider impact, as more schools will be searching
for ITS options that can be flexible no matter the modality of learning (online, hybrid, or

face-to-face).
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Culturally Responsive Leadership

Finally, this research has implications for the future of leadership roles within the
field of education. When this study began, schools had the option to shift toward technology,
but the pandemic and subsequent fallout removed the luxury of choice. Schools shifted
toward a technological support structure that could assist students with their needs. As our
nation has passed a year since the pandemic began, schools may begin to see a paradigm
shift, as students may be inclined to remain in virtual learning settings. As such, schools must
be able to incorporate technological tools into their instruction for years to come and
choosing the right tool will be crucial for student and teacher success.

As highlighted in the literature review, personalized learning also requires a shift
from looking solely at data-driven achievement to culturally responsive practices, and
educational technology may be able to provide the personalization needed to bridge gaps that
currently exist (Fraser & Lefty, 2018). Xie et al. (2019) suggest that personalized learning is
a key paradigm to educational technologies with the categories of affective and cognitive
learning as the primary measured learning outcomes.

This shift also requires culturally responsive leadership among administrators at all
levels of the district including the central office, including conversations about race and
inequities among students. Khalifa et al. (2016) communicates the importance of extending
culturally responsive education beyond the walls of the classroom and to create a holistic
environment that is responsive to all student needs. To successfully implement such
practices, leaders must support teachers through professional development and mentoring.

Khalifa’s (2018) outlines the following features of CRSL with attention to meeting

the needs of teachers. Several of these include:
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Promote a vision of a culturally responsive, equitable, and inclusive school. This
strategy must start with a process for crafting a vision in partnership with
“community-based voices, staff members, and students” (p. 156).

Foster high expectations to support academic identity. High expectations for
students involve helping them attain school success through individual helping,
tutoring, and academic support programs with support from the community.
Every student should have plans for college.

Be a warm demander. Caring for students and their communities are strong
messages of love and care. Warm demanders for minoritized students “[begin]
with establishing a caring relationship that convinces students that you believe in
them . . . principals must take the lead in developing teachers who are warm
demanders....” (p. 158)

Mentor teaching and support teacher modeling. Identify teachers who are
culturally relevant and use community-based knowledge to mentor other teachers.
Principals must take the lead in mentoring teachers who need help and emphasize
the use of equity data regarding achievement and discipline issues.

Provide culturally responsive training and professional development. Schools
often provide one-short professional development that centers on generalized
content related to race, poverty, difference, or relationships. Limited attention is
given to ways to shift conversations to institutionalized and sustainable practices

and how to involve the community.
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While supporting teachers for new growth and development to personalized learning in ways
that value the needs of all students, leaders much also support mental needs and burnout
among teachers.

As schools are facing the potential burnout of staff, which has been attributed to the
stress and complexity of teaching in a pandemic, leaders need to cultivate new skillsets
within their teachers (Marpa, 2020). To support teachers as they synthesize the immediate
feedback that comes from technology, district leaders must be able to not only invest their
time in the ITS models that can help staff, but also provide the in-house training so teachers
can embrace their new roles of learning facilitators in an increasingly personalized
educational setting. In their research regarding potential reasons for teacher burnout and high
turnover within the field, lancu et al. (2018) found meaningful training that utilized the
feedback from staff members to guide future direction was important to sustaining initiatives
long-term. Especially as districts reflect on the impacts of the COVID-19 pandemic, they
must consider mental health, as recent studies have found increased levels of anxiety
surrounding instruction, communication, and lack of administrative support as contributing
factors to the struggles for students and staff members (Pressley, 2021; Sokal et al., 2020).

Recommendations for Future Research

First, it would be beneficial to have a more robust sampling across all secondary
students in grades 6-12, as it would give a much better picture regarding the effectiveness of
the SLP across grade level, gender, race/ethnicity, and income status. In the school district
being studied, although some success was found within grades nine through eleven, there is
no implementation of the SLP at the middle school level. Instead, there are a variety of

platforms utilized across the district to supplement instruction. This is a common theme
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across districts and is a prime example of why research findings on the SLP are not
necessarily relevant when analyzing additional software.

I had the opportunity to visit each of the schools within the study to observe
instruction using the Summit Learning Platform (SLP). A major component of the SLP is the
actual learning platform that gauges a student’s knowledge state and provides immediate
feedback. There are two other features of Summit Learning that are also folded into everyday
instruction: Leadership and Mentoring. These features attempt to provide students with habits
of success and a sense of purpose. While test scores can measure mathematics aptitude, they
do not necessarily measure a student’s resiliency or self-knowledge. Such characteristics are
much better analyzed qualitatively, and future qualitative studies may show there is a
difference in maturity and success at the post-secondary level.

Next, there is current inability to follow students to the post-secondary level. In all the
schools within the study, there is a focus on post-secondary success. Due to the structure of
the study and the infancy of the SLP within the district, there was not an option to perform
any sort of longitudinal study. If some of the measures of success within a school include
remedial courses being taken at the post-secondary level and college graduation, it would be
helpful to understand how students utilizing each method of instruction fared during their
transition. Along with other districts that have made changes to their curriculum delivery
during the pandemic, I hope our district continues to follow students longitudinally in order
to gauge the true effectiveness of the SLP. Such a process would bring more robust and
impartial research to the field of personalized learning and adaptive learning technologies
that are currently dominated by the entrepreneurial spirit of large companies, allowing school

districts to make more informed, fiscally-sound decisions.
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Finally, the results from the study indicated there may be a continuance of the
achievement gap among students who utilized the SLP. Perhaps the most effective leadership
framework to analyze and implement educational technology is neither transformational nor
instructional leadership. Both theories of leadership lean more heavily toward the cognitive
learning domain. Though transformational leadership does utilize the school community to
develop and implement a common vision, it may not involve the stakeholders outside the
institution as much as it should. To facilitate the development of students, leaders must create
structures within schools where student identities are able to exist freely, without the impulse
of exclusionary practice that many teachers possess subconsciously (Khalifa, 2013). As
schools weave educational technology into the classroom to support the curriculum, leaders
must ensure it does not continue the practices that marginalize underrepresented groups of
students. Further, schools must invoke the support of the larger community to provide a
connection for students. Khalifa et al. (2016) posit that culturally responsive education must
expand beyond the walls of the classroom and create a holistic environment that is responsive
to all student needs. This includes efforts to provide social justice education, self-awareness,
and community advocacy. These beliefs are especially important within educational
technology, which is why I would recommend that future researchers analyze student
achievement using ITS models through a framework of culturally responsive leadership.
Such an approach avoids the deficit depiction of students and families through the
engagement of all stakeholders (staff, students, parents, and the community) in ways that

positively impacts learning by remaining aware of cultural practices (Khalifa, 2020).
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Conclusions

The original purpose of the study was to determine if there was an association
between mathematics achievement and the SLP, an adaptive learning ITS model. Moreover,
the research sought to find if there was an effect on underrepresented groups of students who
were utilizing the SLP when compared to students who were participating in the traditional
method of instruction. Statistical analysis determined that mathematics growth for students
utilizing the SLP was statistically significant as measured by normative beginning and end-
of-year assessments. Although this information is valuable, it does not address the question
of “Is the SLP better than traditional instruction?” Regardless of the statistical tests, there is
not a good way to answer the question with complete certainty, but hypothesis tests sought to
provide a comparison between students in the control and treatment groups who took the
ACT and pre-ACT. As a reminder, the control group consists of students who receive
traditional instruction at two of the high schools and the treatment group includes students
who learn the district-mandated curriculum utilizing the SLP. The conclusions gleaned from

the research can best be summarized as follows:

e The SLP led to significant gains when students were compared using their
pretest and post-test scores
o Expected gain score, measured by Rasch Unit (RIT) was 2.7, as
determined by NWEA
o Observed gain score in the study was a RIT score of 4.4
e The SLP led to gains for the demographic groups in the study (Black, Latinx,
Multi-Ethnic, White, and Free- and Reduced-Lunch Qualifying)

o Black student had the smallest gains and the lowest pretest scores
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o FRLQ students had smaller gains than non-FRLQ students
e There was a statistical difference between the control and treatment groups on
the ACT
o The control group (traditional instruction) outscored the treatment
group (SLP) by an average of 3.0
o Number of students taking the ACT were lower than typical due to the
inability and unwillingness of students to take a national test during
the pandemic.
e There was no difference between the control and treatment groups on the pre-
ACT
e There was no difference when comparing the performance of
underrepresented groups on the pre-ACT across methods of instruction.
o The treatment group did maintain higher average scores on the pre-
ACT among Black students and Latinx students who are FRLQ
o Black students scored significantly lower on the pre-ACT when

compared with their peers in both the control and treatment groups

As the results within the conclusion imply, there is no way to state the SLP has a
positive or negative impact on student achievement in mathematics when measured by
multiple norm-referenced examinations. There are some benefits to using the SLP and some
perceived issues, but the existence of several confounding variables could impact the study
and its interpretation. Going forward, the cost-benefit must be weighed to fully discuss the

implications the study has both on the local school district and others across the nation.
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Limitations

There were several limitations to the study that occurred because of the design,
availability, and circumstances around when the quasi-experiment was performed. First,
there is only a single building within the district being studied that utilizes the SLP. Students
have been added to the school in cohorts, with the first cohort starting in the 2017-2018
school year. Due to the closure of schools in the spring of 2020 and the lack of a senior class
at the time of study, only 9th through 11th grade students were included as participants.
Although the SLP is available to students in all grade levels, the research in this study can
only be generalized to students in grades nine through eleven.

Secondly, the study can only be generalized to the learning software utilized. When
the study began, there were many ITS models available to schools. One of the largest, called
ALEKS, is widely utilized in both secondary and post-secondary institutions. All ITS models
attempt to personalize the learning process for students and make data available for teachers
to differentiate in real-time. The results from this study are limited to the SLP and no
statistical analysis or subsequent conclusion can be applied to any other ITS model. Further,
the study is not a comparison of ITS models, so there can be no conclusions made about the
SLP being more effective or less effective than any other product.

The COVID-19 pandemic and reaction greatly impacted the ability to gather data.
Due to the closure of schools, statewide testing was postponed. The school district within the
study typically gives the pre-ACT and ACT to all students in the spring. Further, the
treatment group takes the NWEA-MAP mathematics test three times throughout the year
(fall, winter, and spring). Because the data from these canceled tests were not available, I had

to utilize data from the previous school year. As a result, the sample sizes were smaller than
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initially anticipated, especially for Black, Latinx, and FRLQ students who took the ACT.
Moreover, any training for teachers during the 19-20 school year, especially in the treatment
group that utilized the SLP, would not be reflected in the conclusions being made.

Another limitation to the study was the ability of students to choose their school of
attendance. Because students effectively have the choice to attend a traditional school (one
without the SLP) and one that employs the SLP, there is concern about self-selection bias.
Additionally, students can elect to move from one school to another at the end of each school
year, which convolutes the data results. To mitigate these concerns, these data points were
removed via listwise deletion.

Finally, the results gleaned from this study do not necessarily speak to the overall
effectiveness of the blended learning model. Instead, the results may be derived from
teachers’ relationships with students, their understanding of culturally relevant pedagogical
practices, and their willingness to consider their own conscious and unconscious biases.
There are various implementation strategies and styles within many school districts across
the nation. Any statistical significance or positive results from this study can only be
attributed to the blended learning model utilized within the research design.

Final Thoughts

Since the inception of public education and compulsory attendance, the routines and
physical look of school has changed very little. While the factory model of education was
necessary to support the workers required to fuel the Industrial Revolution, its utility has in
many ways run its course. Although it may be the most efficient way to educate a mass
number of students, it is not necessarily the most effective. In order to usher in change,

reforms began to support innovation within the field of public education. Such innovation,
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however, needed to be tracked and measured, and schools were held accountable for their
students’ performance. To support a newly created need for norm-referenced assessments,
mathematics was chosen as the primary subject area to consistently assess achievement and
growth levels. Because mathematics education has been the primary gatekeeper for many
students at both the secondary and post-secondary levels, districts began to employ strategies
to support learning objectives that were tested. Further, as data began to show that
minoritized students and those from lower socioeconomic backgrounds performed at a lower
level on standardized assessments, states began to focus on narrowing the newly defined,
though always present, achievement gap. Though pedagogical best practices have improved
results for all students, ultimately White, middle- to high-income students are still benefiting
the most. As schools utilize financial and human resources to tackle the issue, it seems more
necessary than ever to change the fabric of the educational institution.

It may be entirely fitting that as our nation begins another Industrial Revolution, we
seek to automate aspects of education using technology. Within most classrooms, the goal is
to consistently differentiate instruction in order to meet students’ needs, but all too often, this
proves impossible due to the varied needs of students within the class. Technology can
personalize the learning process and present more viable solutions to teachers as they look to
address individual deficiencies in the knowledge level of students. Further, by automating
aspects of the classroom, it no longer is confined to its four physical walls of a classroom.
Learning and feedback can be provided anywhere. This has the potential to allow students to
catch up on skills they were lacking or were not developmentally able to learn. After all, it
seems that to narrow the achievement gap, perhaps schools need to remove the barriers that

contributed to the gap in the first place. This idea, like most reform efforts, is sound in
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theory, but putting it to practice becomes more convoluted as schools and communities need
to determine their priorities while measuring student needs.

Schools have continued to push initiatives that provide one-to-one access to
technological devices to promote equitable opportunities for students. Such an approach,
however, creates two problems. First, it is an expensive undertaking for the school district, as
staffing needs change and devices must be replaced. Second, it can create financial strain on
families who do not have access to internet options that support digitizing classroom
instruction. In this way, it can widen opportunity gaps for students. For this reason, many
districts delayed or abstained from making a full implementation of one-to-one device
rollout. The trend appeared to be toward increasing technology in classrooms, but the fallout
from the COVID-19 pandemic forced the hands of many districts. Overnight, they needed to
create policies and procedures to support their student information system (SIS) and ITS
model, if one existed. As schools seek to return to normal, they seem to be finding that there
is a “new” normal.

Across all business models, technology has increased efficiency levels and lifted
productivity. Education will have to adapt if it seeks to optimize education for all students
and begin to provide equitable opportunities. ITS models like Summit Learning Platform can
ease this transition, as face-to-face traditional instruction remains a piece of the overall
delivery model, but teachers shift into the role of facilitator. Due to the potential and current
demand by districts at the national and global levels, education-based technology is flooding
the market and school districts must navigate a moving target to find what may work best for

students and staff. Because many of the software options are newly developed, there is not a
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plethora of independent research that districts can fall back on in order to make informed
choices as they begin the transition into a blended learning or fully virtual model.

Although there are challenges to reviewing and incorporating ITS models into a
school’s blended learning environment, there are steps it can take to ease the transition. For
example, surveying all educational stakeholders, piloting various ITS models, analyzing the
most recent literature and studies, and visiting school districts already utilizing the
technology are all ways to optimize the decision-making process. The SLP is one such
adaptive learning ITS model that has a research-based, demonstrated theoretical framework
based on Knowledge Space Theory (KST) and Adaptive Control of Thought-Rational (ACT-
R). These two theories intertwine within the SLP to determine exactly where a student’s
knowledge level lies and interact with the student to provide effective feedback. Although
more research needs to be performed, the SLP has yielded promising results for mathematics
achievement within this study. Finally, I hope this study can fulfill a need for independent
research on the SLP while also inspiring others to continue to make contributions to the
literature in this growing field, thus allowing educational leaders to make decisions to better

meet the needs of all students.

150



References

ACT. (2018). PreACT: The first step toward practicing for the ACT test.

http://www.act.org/content/dam/act/unsecured/documents/PreACT info.pdf

ACT, Incorporated. (2017). ACT Technical Manual.
http://www.act.org/content/dam/act//documents/ACT Technical Manual.pdf

Adebule, S. O., & Aborisade, O. J. (2014). Gender comparison of attitude of senior
secondary school students towards mathematics in EXkiti state, Nigeria. European
Scientific Journal, 10(19).

Adnan, M., & Anwar, K. (2020). Online learning amid the COVID-19 pandemic: Students'
perspectives. Online Submission, 2(1), 45-51.

Agarwal, P. K. (2019). Retrieval practice & Bloom’s taxonomy: Do students need fact
knowledge before higher order learning? Journal of Educational Psychology, 111(2),
189.

Aghion, P., Boustan, L., Hoxby, C., & Vandenbussche, J. (2009). The causal impact of
education on economic growth: evidence from US. Brookings Papers on Economic
Activity, 1, 1-73.

Afsar, B., & Masood, M. (2018). Transformational leadership, creative self-efficacy, trust in
supervisor, uncertainty avoidance, and innovative work behavior of nurses. The
Journal of Applied Behavioral Science, 54(1), 36-61.

Akhtar, N., Akhtar, M., & Abaidullah, M. (2015). The perceptions of high school
mathematics problem solving teaching methods in mathematics education. Bulletin of
Education and Research, 37(1), 1-24.

ALEKS Corporation. (2019). What is ALEKS? https://www.aleks.com/about.

151


http://www.act.org/content/dam/act/unsecured/documents/PreACT_info.pdf
https://www.aleks.com/about_aleks

Aleven, V. A., & Koedinger, K. R. (2002). An effective metacognitive strategy: Learning by
doing and explaining with a computer-based cognitive tutor. Cognitive Science 26(2),
147-179.

Aleven, V., Mclaren, B., Roll, I., & Koedinger, K. (2006). Toward meta-cognitive tutoring:
A model of help seeking with a cognitive tutor. International Journal of Artificial
Intelligence in Education, 16(2), 101-128.

Alexander, M. (2020) The new Jim Crow.: Mass incarceration in the age of colorblindness.
The New Press.

Allen, Q., & White-Smith, K.A. (2014). “Just as bad as prison”: The challenge of
dismantling the school-to-prison pipeline through teacher and community education.
Equity & Excellence in Education, 47(4), 445-460.

Allen-Haynes, L., St John, E. P., & Cadray, J. (2003). Reinterpreting urban school reform:
Have urban schools failed, or has the reform movement failed urban schools? SUNY
Press.

Althauser, K. (2015). Job-embedded professional development: Its impact on teacher self-
efficacy and student performance. Teacher Development, 19(2), 210-225.

Amer, A. (2006). Reflections on Bloom's revised taxonomy. Electronic Journal of Research
in Educational Psychology, 4(1), 213-230.

American Institutes for Research. (2016). Looking under the hood of competency-based
education: The relationship between competency-based education practices students'
learning skills, behaviors, and dispositions.

https://www.air.org/resource/looking-under-hood-competency-based-education

152


https://www.air.org/resource/looking-under-hood-competency-based-education

Anderson, J. D., & Span, C. M. (2016). History of education in the news: The legacy of
slavery, racism, and contemporary Black activism on campus. History of Education
Quarterly, 56(4), 646-656.

Anderson, J.R. (1993). Rules of the mind. Lawrence Erlbaum Associates, Inc.

Anderson, J.R. (1996). ACT: A simple theory of complex cognition. American Psychologist,

51(4), 355-365. http://dx.doi.org/10.1037/0003-066X.51.4.355

Anderson, J.R., Corbett, A.T., Koedinger, K., & Pelletier, R. (1995). Cognitive tutors:
Lessons learned. Journal of the Learning Sciences, 4, 167-207.

Anderson, J.R., Matessa, M., & Lebiere, C. (1997). ACT-R: A theory of higher level
cognition and its relation to visual attention. Human-Computer Interaction, 12(4),
439-462. http://dx.doi.org/10.1207/s15327051hci1204 5

Andrews, K., & Aydin, H. (2020). Pre-service teachers’ perceptions of global citizenship
education in the social studies curriculum. Journal of Social Studies Education 11(4),
84-113.

Annamma, S., Morrison, D., & Jackson, D. (2014). Disproportionality fills in the gaps:
Connections between achievement, discipline and special education in the school-to
prison pipeline. Berkeley Review of Education, 5(1), 53-87.

Assaly, I. R., & Smadi, O. M. (2015). Using Bloom's taxonomy to evaluate the cognitive
levels of master class textbook's questions. English Language Teaching, 8(5), 100
110.

Assari, S., Mardani, A., Maleki, M., Boyce, S., & Bazargan, M. (2021). Black-White
achievement gap: Role of race, school urbanity, and parental education. Pediatric

Health, Medicine and Therapeutics, 12, 1-11.

153


http://dx.doi.org/10.1037/0003-066X.51.4.355

Bacharach, V. R., Baumeister, A. A. and Furr, R. M. 2003. Racial and gender science
achievement gaps in secondary education. The Journal of Genetic Psychology,
164(1), 115-126.

Bagozzi, R. P., Y1, Y., & Phillips, L. W. (1991). Assessing construct validity in
organizational research. Administrative Science Quarterly, 421-458.

Bailey, J., Martin, N., Schneider, C., Vander Ark, T., Duty, L., Ellis, S, & Terman, A. (2013).
Navigating the digital shift: Implementation strategies for blended and online
learning. Partner Publication

Baker, R.S., Corbett, A.T., Roll, I., & Koedinger, K.R. (2008). Developing a generalizable
detector of when students game the system. User Modeling and User-Adaptive
Interaction, 18(3), 287-314.

Baker, B. D, Farrie, D., & Sciarra, D. G. (2016). Mind the gap: 20 years of progress and
retrenchment in school funding and achievement gaps. ETS Research Report
Series, 2016(1), 1-37.

Bandaranaike, S., & Willison, J. W. (2015). Building capacity for work-readiness: Bridging
the cognitive and affective domains. 4sia-Pacific Journal of Cooperative Education,
16(3), 223-233.

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change.
Psychological Review, 84(2), 191.

Bandura, A. (1989). Regulation of cognitive processes through perceived self-efficacy.
Developmental Psychology, 25(5), 729.

Bandura, A. (2006). Guide for constructing self-efficacy scales. Self-efficacy Beliefs of

Adolescents, 5(1),307-337.

154



Bancroft, A., Bratter, J., & Rowley, K. (2017). Affirmation effects on math scores: The
importance of high school track. Social Science Research, 64, 319-333.

Barieva, K., Kireeva, Z., Zhou, N., & Kadi, S. (2018). The overcoming the communication
barriers of students as means of a personalization of education. Journal of Social
Studies Education Research, 9(3), 398-409.

Barrett, C. A., & Pas, E. T. (2020). A cost analysis of traditional professional development
and coaching structures in schools. Prevention Science, 1-11.

Barron, B., & Darling-Hammond, L. (2008). Teaching for meaningful learning: A review of
research on inquiry-based and cooperative learning. In L. Darling-Hammond, B.
Barron, P.D. Pearson, A.H. Schoenfeld, E.K. Stage, T.D. Zimmerman, G.N. Cervetti,
& J.L. Tilson, Powerful learning: What do we know about teaching for
understanding, (pp.11-70). John Wiley & Sons. http://www.edutopia.org

Bartanen, B., Grissom, J. A., & Rogers, L. K. (2019). The impacts of principal turnover.
Educational Evaluation and Policy Analysis, 41(3), 350-374.

Bass, B. M. (1985). Leadership and performance beyond expectations. Collier Macmillan.

Bass, B. M., & Avolio, B. J. (1993). Transformational leadership and organizational culture.
Public Administration Quarterly, 112-121.

Belbase, S. (2013). Images, anxieties, and attitudes toward mathematics. International
Journal of Education in Mathematics Science and Technology, 1(4), 230-237.

Bennis, W.G. (1959). Leadership theory and administrative behavior: The problem of
authority. Administrative Science Quarterly 4(3), 259-301.

http://dx.doi.org/10.2307/2390911

155


http://www.edutopia.org/

Bergman, P., & Chan, E. W. (2019). Leveraging parents through low-cost technology: The
impact of high-frequency information on student achievement. Journal of Human
Resources, 1118-9837R1.

Berkovich, I. (2016). School leaders and transformational leadership theory: Time to part
ways? Journal of Educational Administration 54(5), 609-622.

Berry, B., Johnson, D., & Montgomery, D. (2005). The power of teacher leadership.
Educational Leadership, 62(5), 56-60.

Bertocchi, G., & Dimico, A. (2014). Slavery, education, and inequality. European Economic
Review, 70, 197-209.

Blackwell, J. E. (1975). The Black community: Diversity and unity. Harper and Row
Publishers, Inc.

Blair, A. (2017). Understanding first-year students’ transition to university: A pilot study
with implications for student engagement, assessment, and feedback. Politics, 37(2),
215-228. https://doi-org.proxy.library.umkc.edu/10.1177/0263395716633904

Bland, J. M., & Altman, D. G. (1997). Statistics notes: Cronbach's alpha. British Medical
Journal, 314(7080), 572.

Bloom, B. S. (1956). Taxonomy of educational objectives, handbook I: The cognitive
domain. David McKay Co.

Blums, A., Belsky, J., Grimm, K., & Chen, Z. (2017). Building links between early
socioeconomic status, cognitive ability, and math and science achievement. Journal
of Cognition and Development, 18(1), 16-40.

Boberg, J.E., & Bourgeois, S.J. (2016). The effects of integrated transformational leadership

on achievement. Journal of Educational Administration 54(3), 357-374.

156



Boelens, R., Voet, M., & De Wever, B. (2018). The design of blended learning in response to
student diversity in higher education: Instructors’ views and use of differentiated
instruction in blended learning. Computers & Education, 120, 197-212.

Bohrnstedt, G., Kitmitto, S., Ogut, B., Sherman, D., & Chan, D. (2015). School composition
and the black-white achievement gap. NCES 2015-2018. National Center for
Education Statistics. https://nces.ed.gov/

Bolam, R., McMahon, A., Stoll, L., Thomas, S., Wallace, M., Greenwood, A., & Smith, M.
(2005). Creating and sustaining effective professional learning communities. DfES
Publications. www.dfes.go.uk/research

Bono, J. E., & Judge, T. A. (2003). Self-concordance at work: Toward understanding the
motivational effects of transformational leaders. Academy of Management Journal,
46(5), 554-571.

Boston, M.D., & Wilhelm, A.G. (2015). Middle school mathematics instruction in
instructionally focused urban districts. Urban Education 51(7), 829-861.
https://10.1177%2F0042085915574528

Boylan, M., & Woolsey, 1. (2015). Teacher education for social justice: Mapping identity
spaces. Teaching and Teacher Education, 46, 62-71.

Boyle, A., Maguire, S., Martin, A., Milsom, C., Nash, R., Rawlinson, S., & Conchie, S.
(2007). Fieldwork is good: The student perception and the affective domain. Journal
of Geography in Higher Education, 31(2),299-317.

Brillinger, J. A. (1984). The collected works of John W. Tukey: Time (Vol. 1). CRC Press.

Brooks, M.G., & Brooks, J.G. (1999). The courage to be constructivist. Educational

Leadership, 57(3), 18-24.

157



Brown, D., Bell, B., Goldberg, B., & Goldberg, B. S. (2017). Authoring adaptive tutors for
simulations in psychomotor skills domains. Proceedings of MODSIM World 2017.
https://www.modsimworld.org/papers/2017

Brown v. Board of Education, 347 U.S. 483 (1954).

Bruner, J.S. (1960). The process of education. Harvard University Press

Bryan, J. (2005). Fostering educational resilience and achievement in urban schools through
school-family-community partnerships. Professional Counseling in Urban Settings
8(3), 219-227.

Burns, J. M. (1978). Leadership. Harper & Row.

Burnes, B. (2004). Managing change: A strategic approach to organisational dynamics.
Pearson Education.

Cambron-McCabe, N., & McCarthy, M. M. (2005). Educating school leaders for social
justice. Educational Policy, 19(1), 201-222.

Carberry, S., & de Rosis, F. (2008). Introduction to special issue on ‘Affective modeling and
adaptation’. User Modeling and User-Adapted Interaction, 18(1-2), 1-9.

Carnegie Learning. (2018). The cognitive tutor: Applying cognitive science to education.
https://www.carnegielearning.com/pages/whitepaper-report

Carnoy, M., & Garcia, E. (2017). Five key trends in U.S. student performance: Progress by
Blacks and Hispanics, the takeoffs by Asians, the stall of non-English speakers, the
persistence of socioeconomic gaps, and the damaging effect of highly segregated

schools. Economic Policy Institute, 4, 1-65.

158


https://www.carnegielearning.com/pages/whitepaper-report

Center for Educational Leadership. (2015). Four dimensions of instructional leadership.
University of Washington, College of Education.
http://info.k-12leadership.org/4-dimensions-of-instructional-leadership

Chall, J.S. (2000). The academic achievement challenge: What really works in the
classroom? Guilford Publications.

Chuang, H.H. (2016). Leveraging CRT awareness in creating web-based projects through use
of online collaborative learning for pre-service teachers. Education Technology
Research Development, 64, 857-876.

Clements, D. H., & Sarama, J. (2007). Effects of a preschool mathematics curriculum:
Summative research on the Building Blocks project. Journal for Research in
Mathematics Education, 136-163.

Clements, D. H., & Sarama, J. (2011). Early childhood mathematics intervention. Science,
333(6045), 968-970.

Coburn, C.E., Hill, H.C., & Spillane, J.P. (2016). Alignment and accountability in policy
design and implementation: The Common Core State Standards and implementation
research. Educational Researcher 45(4), 243-251.
https://doi-org/10.3102/0013189X16651080

Cohen, J. (1977). Statistical power analysis for the behavioral sciences. Routledge.

Coleman, James S. Equality of Educational Opportunity (COLEMAN) Study. (1966).
Inter-university Consortium for Political and Social Research.
https://doi.org/10.3886/ICPSR06389.v3

Colmant, S. A. (2000). US and Canadian boarding schools: A review, past and

present. Native Americas, 17(42), 24.

159


http://info.k-12leadership.org/4-dimensions-of-instructional-leadership
https://doi.org/10.3886/ICPSR06389.v3

Cookson Jr., P. W., Darling-Hammond, L., Rothman, R., & Shields, P. M. (2018). The
tapestry of American public education. https://learningpolicyinstitute.org

Conlan, O., O'Keeffe, 1., Hampson, C., & Heller, J. (2006). Using knowledge space theory to
support learner modeling and personalization. In T. Reeves & S. Yamashita (Eds.)
Proceedings of E-Learn 2006- World Conference on E-Learning in Corporate,
Government, Healthcare, and Higher Education. Association for the Advancement of
Computing in Education (AACE). https://www.learntechlib.org/primary/p/23994/

Cortina, J. M. (1993). What is coefficient alpha? An examination of theory and applications.

Journal of Applied Psychology, 78(1), 98.

Crisp, G., Reyes, N. A. S., & Doran, E. (2017). Predicting successful mathematics
remediation among Latina/o students. Journal of Hispanic Higher Education, 16(3),
232-255.

Crocker, L., & Algina, J. (2008). Introduction to classical & modern test theory. Cengage
Learning.

Croft, A., Coggshall, J. G., Dolan, M., & Powers, E. (2010). Job-embedded professional
development: What it is, who is responsible, and how to get it done well. National
Comprehensive Center for Teacher Quality.

Crouzevialle, M., & Darnon, C. (2019). On the academic disadvantage of low social class
individuals: Pursuing performance goals fosters the emergence of the achievement
gap. Journal of Educational Psychology, 111(7), 1261.

Cunningham, K. M., VanGronigen, B. A., Tucker, P. D., & Young, M. D. (2019). Using
powerful learning experiences to prepare school leaders. Journal of Research on

Leadership Education, 14(1), 74-97.

160


https://learningpolicyinstitute.org/

Damon, W. (2008). The path to purpose: How young people find their calling in life. Simon
& Schuster.

Darling-Hammond, L. (1997). The right to learn: A blueprint for creating schools that work.
Jossey-Bass.

Darling-Hammond, L. (2000). Futures of teaching in American education. Journal of
Educational Change 1(4), 353-373. https://doi-org/10.1023/A:1010034806982

Darling-Hammond, L. (2003). Keeping good teachers: Why it matters, what leaders can do.
Educational leadership, 60(8), 6-13.

Darling-Hammond, L. (2004). The color line in American education: Race, resources, and
student achievement. Du Bois Review: Social Science Research on Race, 1(2), 213-
246.

Darling-Hammond, L., Hightower, A. M., Husbands, J. L., LaFors, J. R., & Young, V. M.
(2005). Instructional leadership for systemic change: The story of San Diego's
reform. R&L Education.

Dave, R.H. (1970). Developing and writing behavioral objectives. Educational Innovators
Press.

Davidovic, A., Warren, J., & Trichina, E. (2003). Learning benefits of structural example-
based adaptive tutoring systems. /EEE Transactions on Education, 46(2), 241-251.
http://dx.doi.org/10.1109/TE.2002.808240

Day, C., Gu, Q., & Sammons, P. (2016). The impact of leadership on student outcomes: How
successful school leaders use transformational and instructional strategies to make a

difference. Educational Administration Quarterly, 52(2), 221-258.

161



de Brey, C., Musu, L., McFarland, J., Wilkinson-Flicker, S., Diliberti, M., Zhang, A., ... &
Wang, X. (2019). Status and Trends in the Education of Racial and Ethnic Groups
2018. NCES 2019-038. National Center for Education Statistics.

De Corte, E. (2003). Transfer as the productive use of acquired knowledge, skills, and
motivations. Current Directions in Psychological Science, 12 (4).

de la Oliva Fernandez, M. (2020). Effective communication and affective domain in the
learning of mathematics. Revista de Comunicacion de La SEECI, 53, 23-35.
https://doi-org/10.15198/seeci.2020.53.23-35

Dee, T., & Penner, E. (2017). The causal effects of cultural relevance: Evidence from an
ethnic studies curriculum. American Educational Research Journal, 54(1), 127-166.
https://doi.org/10.3102/0002831216677002

Demie, F. (2015). Tackling disadvantage: What works in narrowing the achievement gap in
schools. Review of Education, 3(2), 138-174. http://dx.doi.org/10.1002/rev3.3052

Deming, D. J., & Figlio, D. (2016). Accountability in US education: Applying lessons from
K-12 experience to higher education. Journal of Economic Perspectives, 30(3), 33-
56.

Den Hartog, D. N., & Belschak, F. D. (2012). When does transformational leadership
enhance employee proactive behavior? The role of autonomy and role breadth self-
efficacy. Journal of Applied Psychology, 97(1), 194.

DePaoli, J. L., Balfanz, R., Atwell, M. N., & Bridgeland, J. (2018). Building a grad nation:
Progress and challenge in raising high school graduation rates. Annual Update

2018. Civic Enterprises.

162



Deunk, M. 1., Smale-Jacobse, A. E., de Boer, H., Doolaard, S., & Bosker, R. J. (2018).
Effective differentiation practices: A systematic review and meta-analysis of studies
on the cognitive effects of differentiation practices in primary education. Educational
Research Review, 24, 31-54.

Dewey, J. (1916). Democracy and education. Macmillan.

Diehl, T.E. (2017). Development of a structured learning assistance (SLA) program. Journal
of Developmental Education 40(3), 32-34.

Dimitrov, D. M., & Rumrill Jr, P. D. (2003). Pretest-posttest designs and measurement of
change. Work, 20(2), 159-165.

Dittmann, A. G., & Stephens, N. M. (2017). Interventions aimed at closing the social class
achievement gap: Changing individuals, structures, and construals. Current Opinion
in Psychology, 18, 111-116.

Djonko-Moore, C. M. (2016). An exploration of teacher attrition and mobility in high
poverty racially segregated schools. Race Ethnicity and Education, 19(5), 1063-1087.

Dlugokinski, E., & Kramer, L. (1974). A system of neglect: Indian boarding
schools. American Journal of Psychiatry, 131(6), 670-673.

Doignon, J. P. (1994). Knowledge spaces and skill assignments. In Contributions to
mathematical psychology, psychometrics, and methodology (pp. 111-121). Springer.

Doignon, J.P., & Falmagne, J.C. (1985). Spaces for the assessment of knowledge.
International Journal of Man-Machine Studies, 23(2), 175-196.
https://doi.org/10.1016/S0020-7373(85)80031-6

Doignon, J.P., & Falmagne, J.C. (1999). Knowledge Spaces. Springer-Verlag.

https://doi-org/10.1007/978-3-642-58625-5 2

163


https://doi.org/10.1016/S0020-7373(85)80031-6

Donohoo, J., Hattie, J., & Eells, R. (2018). The power of collective efficacy. Educational
Leadership, 75(6), 40-44.

Dotong, C. I., De Castro, E. L., Dolot, J. A., & Prenda, M. (2016). Barriers for educational
technology integration in contemporary classroom environment. Asia Pacific Journal
of Education, Arts and Sciences, 3(2), 13-20.

Douglas, D., & Attewell, P. (2017). School mathematics as gatekeeper. The Sociological
Quarterly, 58(4), 648-669.

Duckworth, A., & Duckworth, A. (2016). Grit: The power of passion and perseverance (Vol.
234). Scribner.

Duckworth, A.L., & Yeager, D.L. (2015). Measurement matters: Assessing personal qualities
other than cognitive ability for educational purposes. Educational Researcher, 44(4),
237-251. https://doi-org/10.3102/0013189X 15584327

DuFour, R. (2004). What is a professional learning community? Educational leadership,
61(8), 6-11.

DuFour, R., & Eaker, R. (2009). Professional learning communities at work: Best practices
for enhancing students’ achievement. Solution Tree Press.

DuFour, R., & Marzano, R. (2009). High-leverage strategies for principal leadership.
Educational Leadership, 66(5), 62-70.

Dumas, M. J. (2014). ‘Losing an arm’: Schooling as a site of Black suffering. Race Ethnicity
and Education, 17(1), 1-29.

edmentum. (2018). edmentum: Education technology, simplified. http://www.edmentum.com

Edmonds, G.S., & Squires, T.M. (2016). Bridging the high school-college gap. The role of

concurrent enrollment programs. Syracuse University Press.

164



Edmonds, R.R. (1982). Toward more effective schools. Educational Leadership, 40(3).

The Education Alliance at Brown University. (2018). Teaching diverse learners: Student
centered instruction. https://www.brown.edu

Ellison, G., & Swanson, A. (2018). Dynamics of the gender gap in high math
achievement (No.w24910). National Bureau of Economic Research.

Emaliana, I. (2017). Teacher-centered or student-centered learning approach to promote
learning?. Jurnal Sosial Humaniora, 10(2), 59-70.

Epstein, J. (2009). Behind the SAT-optional movement: Context and controversy. Journal of
College Admission, 204, 9-19.

Evans, G.W. (2007). Self-regulation and the income-achievement gap. Early Childhood
Research Quarterly, 23(4), 504-514. https://doi.org/10.1016/j.ecresq.2008.07.002

Every Student Succeeds Act of 2015, Pub. L. No. 114-95 § 114 Stat. 1177 (2015-2016).

Fadel, C., Bialik, M., & Trilling, B. (2015). Four dimensional education: The competencies
learners need to succeed. Center for Curriculum Redesign.

Falmagne, K. C. (1989). A latent trait theory via a stochastic learning theory for a knowledge
space. Psychometrika, 54(2), 283-303.

Falmagne, J. C., Cosyn, E., Doignon, J. P., & Thiéry, N. (2006). The assessment of
knowledge, in theory and in practice. In Formal concept analysis (pp. 61-79).
Springer.

Falmagne, J.C., Doignon, J.P., Koppen, M., Villano, M., & Johannesen, L. (1990).
Introduction to knowledge spaces: How to build, test, and search them. Psychological

Review, 97(2), 201-224. http://dx.doi.org/10.1037/0033-295X.97.2.201

165


https://www.brown.edu/
https://doi.org/10.1016/j.ecresq.2008.07.002

Falmagne, J.C., Cosyn, E., Doble, C., Thiery, N., & Uzun, H. (2013). Assessing
mathematical knowledge in a learning space: Validity and/or reliability. In Annual
meeting of the American Educational Research Association (pp. 3-42).

Fang, Y., Ren, Z., Hu, X., & Graesser, A. C. (2018). A meta-analysis of the effectiveness of
ALEKS on learning. Educational Psychology, 1-15.

Farrington, C. A., Roderick, M., Allensworth, E., Nagaoka, J., Keyes, T. S., Johnson, D. W.,
& Beechum, N. O. (2012). Teaching adolescents to become learners: The role of
noncognitive factors in shaping school performance--A critical literature review.
Consortium on Chicago School Research.

Featherstone, S., & Bayley, R. (2013). Supporting child-initiated learning: Like bees, not
butterflies. Featherstone.

Ferguson, R., Stellar, A., Schools, B. C. P., & Morganton, N. C. (2010). Toward excellence
with equity: An emerging vision for closing the achievement gap. Evidence-based
Practice Articles, 56.

Flavin, P., & Franko, W. W. (2020). Economic segregation and unequal policy
responsiveness. Political Behavior, 42(3), 845-864.
https://doi-org. /10.1007/s11109-018-09522-9

Finkelman, P. (2009). Laws and legislation. In Encyclopedia of African American history,
1896 to the present: From the age of segregation to the twenty-first century. Oxford
University Press.

Flores, A. (2007). Examining disparities in mathematics education: Achievement gap or

opportunity gap? The High School Journal, 91(1), 29-42.

166



Frankerberg, E., Lee, C., & Orfield, G. (2003). A multiracial society with segregated schools:
Are we losing the dream? Beacon Press.

Fraser, J.W. & Lefty, L. (2018). Teaching teachers: Changing paths and enduring debates.
Johns Hopkins University Press.

Freire, P. (1972). Pedagogy of the oppressed. Herder and Herder.

Freire, P. (2005). Teachers as cultural workers: Letters to those who dare teach. Westview
Press.

Froiland, J. M., & Davison, M. L. (2016). The longitudinal influences of peers, parents,
motivation, and mathematics course-taking on high school math
achievement. Learning and Individual Differences, 50, 252-259.

Garo, L., Allen-Handy, A., & Lewis, C. W. (2018). Race, poverty, and violence exposure: A
critical spatial analysis of African American trauma vulnerability and educational
outcomes in Charlotte, North Carolina. The Journal of Negro Education, 87(3), 246-
269.

Gay, G. (2013). Teaching to and through cultural diversity. Curriculum inquiry, 43(1), 48-70.

Gilboy, M.B., Heinerichs, S., & Pazzaglia, G. (2015). Enhancing student engagement using
the flipped classroom. Journal of Nutrition Education and Behavior, 47(1), 109-114.
https://doi.org/10.1016/j.jneb.2014.08.008

Gillborn, D., Demack, S., Rollock, N., & Warmington, P. (2017). Moving the goalposts:
Education policy and 25 years of the black/white achievement gap. British

Educational Research Journal, 43(5), 848—-874. http://dx.doi.org/10.1002/berj.3297

167


https://doi.org/10.1016/j.jneb.2014.08.008

Goldhaber, D., Lavery, L., & Theobald, R. (2015). Uneven playing field? Assessing the
teacher quality gap between advantaged and disadvantaged students. Educational
Researcher, 44(5), 293-307. https://doi-org/10.3102/0013189X 15592622

Goodman, S. (2016). Learning from the test: Raising selective college enrollment by
providing information. Review of Economics and Statistics, 98(4), 671-684.

Gonzélez Canché, M. S. (2019). Repurposing standardized testing for educational equity:
Can geographical bias and adversity scores expand true college access? Policy
Insights from the Behavioral and Brain Sciences, 6(2), 225-235.

Gorard, S., & Fitz, J. (2000). Investigating the determinants of segregation between
schools. Research Papers in Education, 15(2), 115-132.

Goyal, M., & Rajalakshmi, K. (2018). Personalization of test sheet based on Bloom’s
taxonomy in e-learning system using genetic algorithm. In Recent Findings in
Intelligent Computing Techniques (pp. 409-414). Springer.

Green, Z. A., & Batool, S. (2017). Emotionalized learning experiences: Tapping into the
affective domain. Evaluation and Program Planning, 62, 35-48.

Gutierrez, R. (2008). A “gap-gazing” fetish in mathematics education? Problematizing
research on the achievement gap. National Council of Teachers of Mathematics,
39(4), 357-364.

Guy, G. M., Cornick, J., & Beckford, 1. (2015). More than math: On the affective domain in
developmental mathematics. International Journal for the Scholarship of Teaching
and Learning, 9(2).

Hall, R. A. (2011). Affective assessment: The missing piece of the educational reform

puzzle. Delta Kappa Gamma Bulletin, 77(2), 7.

168



Halupa, C. (2017). Reaching “creating” in Bloom's Taxonomy: The merging of heutagogy
and technology in online learning. In Handbook of research on creative problem-
solving skill development in higher education (pp. 429-449). 1GI Global.

Harper, B., & Milman, N. B. (2016). One-to-one technology in K—12 classrooms: A review
of the literature from 2004 through 2014. Journal of Research on Technology in
Education, 48(2), 129-142.

Harrow, A. J. (1972). A taxonomy of the psychomotor domain: A guide for developing
behavioral objectives. Addison-Wesley Longman Ltd.

Hart, L. E. (1989). Describing the affective domain: Saying what we mean. In Affect and
mathematical problem solving (pp. 37-45). Springer.

Hattie, J. (2012). Visible learning for teachers: Maximizing impact on learning. Routledge.

Heale, R., & Twycross, A. (2015). Validity and reliability in quantitative studies. Evidence
based nursing, 18(3), 66-67.

Heisig, J.P., & Solga, H. (2015). Secondary education systems and the general skills of less-
and intermediate-educated adults: A comparison of 18 countries. Sociology of
Education, 88(3), 202-225. https://doi-org/10.1177%2F0038040715588603

Hockemeyer, C., Held, T., & Albert, D. (1997). RATH: A relational adaptive tutoring
hypertext www-environment based on knowledge space theory. In C. Alvegard (ed.)
Computer Aided Learning and Instruction in Science and Engineering. Chalmers
University of Technology.

Hodge, E., Salloum, S., Benko, S., & University of Pennsylvania, C. (2017). How state
education agencies can support college and career ready standards. In Consortium for

Policy Research in Education. Consortium for Policy Research in Education.

169



Holroyd, J., Scaife, R., & Stafford, T. (2017). Responsibility for implicit bias. Philosophy
Compass, 12(3).

Holton, D., & Clarke, D. (2006). Scaffolding and metacognition. International journal of
mathematical education in science and technology, 37(2), 127-143.

Horn, M.B., & Staker, H. (2014). Blended: Using disruptive innovation to improve schools.

Jossey-Bass Inc.

Howard, T. C. (2019). Why race and culture matter in schools: Closing the achievement gap
in America's classrooms. Teachers College Press.

Hu, X., Luellen, J. K., Okwumabua, T. M., Xu, Y., & Mo, L. (2008). Observational findings
from a web-based intelligent tutoring system: Elimination of racial disparities in an
undergraduate behavioral statistics course. American Educational Research
Association.

Hubalovsky, S., M. Hubalovska, and M. Musilek. Assessment of the influence of adaptive E
learning on learning effectiveness of primary school pupils. Computers in Human,
92, 691-705.

Hunter, M. Mastery teaching. Sage Publications.

Hunzicker, J. (Ed.). (2018). Teacher leadership in professional development schools.
Emerald Publishing Limited.

Hwang, G. J., & Chang, S. C. (2016). Effects of a peer competition-based mobile learning
approach on students' affective domain exhibition in social studies courses. British

Journal of Educational Technology, 47(6), 1217-1231.

170



[ancu, A. E., Rusu, A., Méroiu, C., Pacurar, R., & Maricutoiu, L. P. (2018). The effectiveness
of interventions aimed at reducing teacher burnout: A meta-analysis. Educational
psychology review, 30(2), 373-396.

Ignacio, N. G., Nieto, L. J. B., & Barona, E. G. (2016). The affective domain in mathematics
learning. International Electronic Journal of Mathematics Education, 1(1), 16-32.

lozzi, L. A. (1989). What research says to the educator: Part one: Environmental education
and the affective domain. The Journal of Environmental Education, 20(3), 3-9.

Insley, R., laeger, P., Abdurrahman, E., & Sakiz, H. (2016). An evaluation of teachers’
opinions about leadership behaviors of school principals. Educational Process:
International Journal, 5(3), 223-235. http://dx.doi.org/10.12973/edupij.2016.53.4

Irvin, M., Byun, S. Y., Smiley, W. S., & Hutchins, B. C. (2017). Relation of opportunity to
learn advanced math to the educational attainment of rural youth. American Journal
of Education, 123(3), 475-510.

Irvine, J. J. (1990). Black students and school failure. Policies, practices, and prescriptions.
Westport, CT: Greenwood Press, Inc.

Irvine, J. J. (2010). Forward. In H.R. Milner, Culture, curriculum, and identity in education
(pp- xi-xv). New York, NY: Palgrave Macmillan.

Johnson, A. D. (2016). The relationship between student perceptions of school effectiveness
and student achievement: Implications for educational planning. Educational
Planning, 23(2), 31-43.

Jones, K., & Pepin, B. (2016). Research on mathematics teachers as partners in task design.

Journal of Mathematics Teacher Education, 19(2), 105-121.

171



Jung, M, & Conderman, G.. (2015). Using digital technology to support mathematics
instruction. YC Young Children, 70(2), 64-69.

Kallick, B., & Zmuda, A. (2017). Students at the center: Personalized learning with habits of
mind. Association for Supervision and Curriculum Development.

Kapp, K. M. (2012). The gamification of learning and instruction. Wiley.

Kassem, H. M. (2019). The impact of student-centered instruction on EFL learners' affect
and achievement. English Language Teaching, 12(1), 134-153.

Kaupp, R. (2012). Online penalty: The impact of online instruction on the Latino-White
achievement gap. Journal of Applied Research in the Community College, 19(2), 3-
11.

Khalifa, M. (2013). Creating spaces for urban youth: The emergence of culturally responsive
(hip-hop) school leadership and pedagogy. Multicultural Learning and
Teaching, 8(2), 63-93.

Khalifa, M. (2018). Culturally responsive school leadership. Harvard Education Press.

Khalifa, M. (2020). Culturally responsive school leadership. Harvard Education Press.

Khalifa, M. A., Gooden, M. A., & Davis, J. E. (2016). Culturally responsive school
leadership: A synthesis of the literature. Review of Educational Research, 86(4),
1272-1311.

Koedinger, K. R., Corbett, A. T., & Ritter, S. (2000). Carnegie learning’s cognitive tutor:
Summary research results. CARNEGIElearning. https://cdn.carnegielearning.com/

Kolen, M.J. (1991). Smoothing methods for estimating the test score distributions. Journal of

Educational Measurement, 28, 257-282.

172



Kolen, M.J., & Hanson, B.A. (1989). Scaling the ACT Assessment. In R.L. Brennan (ED.),
Methodology used in scaling the ACT Assessment and P-ACT+ (pp.35-55).
American College Testing Program.

Kotok, S. (2017). Unfulfilled potential: High-achieving minority students and the high school
achievement gap in math. The High School Journal, 100(3), 183.

Krathwohl, D. R., & Anderson, L. W. (2009). 4 taxonomy for learning, teaching, and
assessing: A revision of Bloom's taxonomy of educational objectives. Longman.

Krathwohl, D. R., Bloom, B. S., & Masia, B. B. (1965). Taxonomy of educational objectives:
The classification of educational goals, Handbook II: Affective domain. David
McKay Company, Incorporated.

Ladson-Billings, G. (2006). From the achievement gap to the education debt: Understanding
achievement in US schools. Educational Researcher, 35(7), 3-12.

Ladson-Billings, G. (2009). The dreamkeepers. Successful teachers of African American
children (2nd ed.). San Francisco, CA: John Wiley & Sons.

Latif, R.J. (2014). Effective mathematics instruction. Journal of Research in Social Sciences
2(1), 14-21.

Leach, M. T., & Williams, S. A. (2007). The impact of the academic achievement gap on the
African American family: A social inequality perspective. Journal of Human
Behavior in the Social Environment, 15(2-3), 39-59.

Lee, K. M., Lindquist, K. A., & Payne, B. K. (2018). Constructing bias: Conceptualization
breaks the link between implicit bias and fear of Black Americans. Emotion, 18(6),

855.

173



Lee, M., & Madyun, N. L. (2009). The impact of neighborhood disadvantage on the Black—
White achievement gap. Journal of Education for Students Placed at Risk, 14(2),
148-169.

Lewis, A. E., Diamond, J. B., & Forman, T. A. (2015). Conundrums of integration:
Desegregation in the context of racialized hierarchy. Sociology of Race and Ethnicity,
1(1), 22-36.

Lezotte, L.W. (1997). Learning for all. Effective Schools Products, Ltd.

Linn, R. L., Baker, E. L., & Betebenner, D. W. (2002). Accountability systems: Implications
of requirements of the no child left behind act of 2001. Educational Researcher,
31(6), 3-16.

Long, P. D. (2018). Learning engineering for online education: Theoretical contexts and
design-based examples. Routledge

Loughran, J. (2013). Developing a pedagogy of teacher education: Understanding teaching
& learning about teaching. Routledge.

Louis, K. S., & Marks, H. M. (1998). Does professional community affect the classroom?
Teachers' work and student experiences in restructuring schools. American Journal of
Education, 106(4), 532-575.

Lowry, K. (2017). How community colleges are closing the skills gap through CTE and
STEM funding innovations. New Directions for Community Colleges 17(178), 45-54.
http://dx.doi.org/10.1002/cc.20252

Luna-Torres, M., McKinney, L., Horn, C. L., & Jones, S. (2018). Understanding loan use and
debt burden among low-income and minority students at a large urban community

college. Journal of Student Financial Aid 48(1), 2-28.

174



Lynch, M. (2016). 4 major types of educational leadership. The Edvocate.
https://www.theedadvocate.org/4-major-types-of-educational-leadership/

Lynch, D. R., Russell, J. S., Evans, J. C., & Sutterer, K. G. (2009). Beyond the cognitive:
The affective domain, values, and the achievement of the vision. Journal of

Professional Issues in Engineering Education and Practice, 135(1), 47-56.

MacDonald, V. (2004). Demanding their rights: The Latino struggle for educational
access and equity. National Park Service U.S. Department of the Interior.
https://www.nps.gov/heritageinitiatives/latino/latinothemestudy/pdfs/Education

Macgilchrist, F. (2019). Cruel optimism in edtech: When the digital data practices of
educational technology providers inadvertently hinder educational equity. Learning,
Media and Technology, 44(1), 77-86.

Makur, A. P., Prahmana, R. C. ., & Gunur, B. (2019, March). How mathematics attitude of
mothers in rural area affects their children’s achievement. In Journal of Physics:
Conference Series. I0P Publishing.

Malone, M., Cornell, D. G., & Shukla, K. (2020). Grade configuration is associated with
school-level standardized test pass rates for sixth-, seventh-, and eighth-grade
students. School Effectiveness and School Improvement, 31(2), 289-305.

Mann, H., & Fowle, W. B. (1839). Common school journal (Vol. 1). Marsh, Capen, Lyon,
and Webb.

Marks, H. M., & Printy, S. M. (2003). Principal leadership and school performance: An
integration of transformational and instructional leadership. Educational

Administration Quarterly, 39(3), 370-397.

175


https://www.nps.gov/
https://www.nps.gov/heritageinitiatives/latino/latinothemestudy/pdfs/Education_

Marpa, E. P. (2020). Technology in the teaching of mathematics: An analysis of teachers’
attitudes during the COVID-19 pandemic. International Journal on Studies in
Education, 3(2), 92-102.

Martz, B., Hughes, J., & Braun, F. (2016). Creativity and problem-solving: Closing the skills
gap. The Journal of Computer Information Systems, 57(1), 39-48.
http://dx.doi.org/10.1080/08874417.2016.1181492

Marzano, R. J. (2003). What works in schools: Translating research into action. Association
for Supervision and Curriculum Development.

McBride, R. E., Gabbard, C. C., & Miller, G. (1990). Teaching critical thinking skills in the
psychomotor domain. The Clearing House, 63(5), 197-201.

McGee, E. O., Alvarez, A., & Milner IV, H. R. (2016). Colorism as a salient space for
understanding in teacher preparation. Theory into Practice, 55(1), 69-79.

McGraw-Hill Education. (2017). Building Blocks: A PreK-8 online math practice program.
https://www.mheducation.com/prek-12/program.

McLaren, P. (1995). White terror and oppositional agency: Towards a critical

multiculturalism. In C. E. Sleeter & P. L. McLaren (Eds.). Multicultural education,

critical pedagogy, and the politics of difference (pp. 33-70). State University of New

York Press.
McLeod, J. (2017). ESSA evidence-based intervention: Study Island in elementary schools.
Milner IV, H. R. (2012). Beyond a test score: Explaining opportunity gaps in educational
practice. Journal of Black Studies, 43(6), 693-718.
Milner, H. R. (2013). Rethinking achievement gap talk in urban education. Urban

Education, 48(1), 3-8.

176


https://www.mheducation.com/prek-12/program

Milner IV, H. R. (2017). Race, talk, opportunity gaps, and curriculum shifts in (teacher)
education. Literacy Research: Theory, Method, and Practice, 66(1), 73-94.

Mintz, S., & Stauffer, J. (Eds.). (2007). The problem of evil: Slavery, freedom, and the
ambiguities of American reform. University of Massachusetts Press.

Missouri Department of Elementary and Secondary Education. (2019). School report card.
https://dese.mo.gov

Moses, R., Kamii, M., Swap, S. M., & Howard, J. (1989). The algebra project: Organizing in
the spirit of Ella. Harvard Educational Review, 59(4), 423-444.

National Assessment of Educational Progress. (2017). Achievement gaps.
https://nces.ed.gov/nationsreportcard/studies/gaps/

National Center for Educational Statistics (2017). Trends in International Mathematics and
Science Study (TIMSS). https://nces.ed.gov/timss/

National Commission for the Protection of Human Subjects of Biomedical and Behavioral
Research. (1978). The Belmont report: Ethical principles and guidelines for the
protection of human subjects of research. United States Department of Health and
Human Services.

National Council of Teachers of Mathematics (2015). Principles to actions: Ensuring
mathematical success for all. National Council of Teachers of Mathematics.
National Education Association. (2017). Identifying factors that contribute to achievement

gaps. http://www.nea.org/home/17413.htm

Neumann, J. A., & Forsyth, D. (2008). Teaching in the affective domain for institutional

values. The Journal of Continuing Education in Nursing, 39(6), 248-252.

177


https://dese.mo.gov/
https://nces.ed.gov/nationsreportcard/studies/gaps/
https://nces.ed.gov/timss/
http://www.nea.org/home/17413.htm

Newmann, F. M., Smith, B., Allensworth, E., & Bryk, A. S. (2001). Instructional program
coherence: What it is and why it should guide school improvement policy.
Educational Evaluation and Policy Analysis, 23(4), 297-321.

No Child Left Behind Act of 2001, P.L. 107-110, 20 U.S.C. § 6319 (2002).

Noble, J., & Sawyer, R. (2002). Predicting different levels of academic success in college
using high school GPA and ACT composite score. ACT Research Report Series.
http://www.act.org/research/reports/index.html.

Noguera, P. A. (2003). Schools, prisons, and social implications of punishment: Rethinking
disciplinary practices. Theory into Practice, 42(4), 341-350.

Northwest Evaluation Association. (2011). Technical manual for measures of academic
progress and measures of academic progress for primary grades.
https://www.nwea.org/resources/

Northwest Evaluation Association. (2018). NWEA: Measuring what matters.
https://www.nwea.org/

Notten, A. L. T. (2009). Desegregation in schools—How can it be achieved?. Journal of
Social Intervention: Theory and Practice, 18(4), 83-93.

Okpala, C. O., Smith, F., Jones, E., & Ellis, R. (2000). A clear link between school and
teacher characteristics, student demographics, and student achievement. Education,
120(3), 487-487.

Orfield, G., & Frankenberg, E. (2014). Increasingly segregated and unequal schools as courts

reverse policy. Educational Administration Quarterly, 50(5), 718-734.

178



Orfield, G., Bachmeier, M. D., James, D. R., & Eitle, T. (1997). Deepening segregation in
American public schools: A special report from the Harvard Project on School
Desegregation. Equity and Excellence in education, 30(2), 5-24.

Organisation for Economic Cooperation and Development. (2016). PISA 2015 results:
Excellence and equity in education. OECD Publishing.

Owens, A., Reardon, S. F., & Jencks, C. (2016). Income segregation between schools and
school districts. American Educational Research Journal, 53(4), 1159-1197.

Owens, E. G. (2017). Testing the school-to-prison pipeline. Journal of Policy Analysis and
Management, 36(1), 11-37. http://dx.doi.org/10.1787/9789264266490-en

O’Flaherty, J., & Phillips, C. (2015). The use of flipped classrooms in higher education: A
scoping review. The Internet and Higher Education, 25, 85-95.
https://doi.org/10.1016/j.itheduc.2015.02.002

Pane, J.F., Steiner, E.D., Baird, M.D., & Hamilton, L.S., (2015). Continued progress:
Promising evidence on personalized learning. RAND Corporation.

New Rochelle School District. (2013). Comprehensive school improvement plan: 2013-2018.
http://www.parkhill.k12.mo.us

New Rochelle School District. (2020). 2019-2020 Parent-student handbook.
http://www.parkhill.k12.mo.us

Patel, S. G., Barrera, A. Z., Strambler, M. J., Mufioz, R. F., & Macciomei, E. (2016). The
achievement gap among newcomer immigrant adolescents: Life stressors hinder
Latina/o academic success. Journal of Latinos & Education, 15(2), 121-133.

http://dx.doi.org/10.1080/15348431.2015.1099529

179


http://dx.doi.org/10.1787/9789264266490-en
http://www.parkhill.k12.mo.us/
http://www.parkhill.k12.mo.us/

Payne, B. K., Vuletich, H. A., & Lundberg, K. B. (2017). The bias of crowds: How implicit
bias bridges personal and systemic prejudice. Psychological Inquiry, 28(4), 233-248.

Pepin, B., Gueudet, G., & Trouche, L. (2017). Refining teacher design capacity: Mathematics
teachers’ interactions with digital curriculum resources. ZDM Mathematics
Education, 49(5). http://dx.doi.org/10.1007/s11858-017-0870-8

Pearce, C. L., & Sims Jr, H. P. (2002). Vertical versus shared leadership as predictors of the
effectiveness of change management teams: An examination of aversive, directive,
transactional, transformational, and empowering leader behaviors. Group Dynamics:
Theory, Research, and Practice, 6(2), 172.

Pierre, E., & Oughton, J. (2007). The affective domain: Undiscovered country. College
Quarterly, 10(4), 1-7.

Pilgrim, D. (2012). Jim crow museum of racist memorabilia: The brute caricature. Retrieved
from http://www.ferris.edu/jimcrow/brute/

Popham, W.J. (2011). Classroom assessment.: A practical guide for educators. Pyrczak
Publishing.

Pressley, T. (2021). Factors Contributing to Teacher Burnout During COVID-
19. Educational Researcher, 0013189X211004138.

Purkey, S. C., & Smith, M. S. (1983). Effective schools: A review. Elementary School
Journal, 83(4), 427-452.

Quinton, S.R., & Allen, M.M. (2014). The social processes of web 2.0 collaboration:
Towards a new model for virtual learning. Curriculum Models for the 21st Century,
9, 35-53.

Race to the Top Act, P.L. 111-115,20 U.S.C. § 6319 (2009).

180



Rani, M., Nayak, R., & Vyas, O. P. (2015). An ontology-based adaptive personalized e-
learning system, assisted by software agents on cloud storage. Knowledge-Based
Systems, 90, 33-48.

Ransaw, T.S., & Majors, R. (2016). Closing the achievement gap for African American
males. Michigan State University Press.

Rashid, L. (2019). Entrepreneurship education and sustainable development goals: A
literature review and a closer look at fragile states and technology-enabled
approaches. Sustainability, 11(19), 5343.

Rath, T., Harter, J. K., & Harter, J. (2010). Wellbeing: The five essential elements. Simon and
Schuster.

Rauh, C. (2017). Voting, education, and The Great Gatsby curve. Journal of Public
Economics, 146, 1-14.

Ravitch, D. (2016). The death and life of the great American school system: How testing and
choice are undermining education. Basic Books.

Reigeluth, C. M. (2013). Instructional-design theories and models: A new paradigm of
instructional theory, Volume II. Routledge.

Rimmer, J. (2016). Developing principals as equity-centered instructional leaders. Center for
Educational Leadership.

Ritter, S., Anderson, J.R., Koedinger, K.R., & Corbett, A. (2007). Cognitive tutor: Applied
research in mathematics education. Psychnomic Bulletin & Review, 14(2), 249-255.

Robinson, K. (2010). Black-white inequality in reading and math across K-12 schooling: A
synthetic cohort perspective. Review of Black Political Economy, 37(4), 263-273.

http://dx.doi.org/10.1007/s12114-010-9074-y

181



Robinson, D., & Lewis, C. W. (2017). Typologies for effectiveness: Characteristics of
effective teachers in urban learning environments. Journal of Urban Learning,
Teaching, and Research, 13, 124—134.

Rodriguez, J. 1., Plax, T. G., & Kearney, P. (1996). Clarifying the relationship between
teacher nonverbal immediacy and student cognitive learning: Affective learning as
the central causal mediator. Communication Education, 45(4), 293-305.

Roll, I., Aleven, V., McLaren, B.M., & Koedinger, K.R. (2011). Improving students’ help
seeking skills using metacognitive feedback in an intelligent tutoring system.
Learning and Instruction 21(2), 267-280.
https://doi.org/10.1016/j.learninstruc.2010.07.004

Romiszowski, A. (1999). Instructional-design theories and models: A new paradigm of
instructional theory. Routledge.

Rose, T. (2016). The end of average: How we succeed in a world that values sameness.
HarperCollins.

Rosenberg, S., Heimler, R., & Morote, E. S. (2012). Basic employability skills: A triangular
design approach. Education+ Training, 54(1), 7-20.

Rothstein, R. (2015). The racial achievement gap, segregated schools, and segregated
neighborhoods: A constitutional insult. Race and Social Problems, 7(1), 21-30.

Running Bear, U., Croy, C. D., Kaufman, C. E., Thayer, Z. M., & Manson, S. M. (2018). The
relationship of five boarding school experiences and physical health status among
Northern Plains Tribes. Quality of Life Research, 27(1), 153—-157.

https://doi-org. /10.1007/s11136-017-1742-y

182



Saido, G. M., Siraj, S., Nordin, A. B. B., & Al Amedy, O. S. (2018). Higher order thinking
skills among secondary school students in science learning. Malaysian Online
Journal of Educational Sciences, 3(3), 13-20.

Sanders, W. L., Wright, S. P., & Horn, S. P. (1997). Teacher and classroom context effects
on student achievement: Implications for teacher evaluation. Journal of Personnel
Evaluation in Education, 11(1), 57-67.

Sanguras, L. (2017). Grit in the classroom. Building perseverance for excellence in today's
students. Sourcebooks, Inc.

Sarama, J., & Clements, D. H. (2004). Building blocks for early childhood mathematics.
Early Childhood Research Quarterly, 19(1), 181-189.

Savery, J. R. (2015). Overview of problem-based learning: Definitions and distinctions.
Essential Readings in Problem-Based Learning, 9, 5-15.

Savery, J. R., & Dufty, T. M. (1995). Problem based learning: An instructional model and its
constructivist framework. Educational Technology, 35(5), 31-38.

Schoenly, L. (1994). Teaching in the affective domain. The Journal of Continuing Education
in Nursing, 25(5), 209-212.

Schon, D. A. (2017). The reflective practitioner: How professionals think in action.
Routledge.

Schuckert, M., Kim, T. T., Paek, S., & Lee, G. (2018). Motivate to innovate: How authentic
and transformational leaders influence employees’ psychological capital and service

innovation behavior. International Journal of Contemporary Hospitality

Management, 30(2), 776-796.

183



Seddon, G. M. (1978). The properties of Bloom’s taxonomy of educational objectives for the
cognitive domain. Review of Educational Research, 48(2), 303-323.

Selwyn, N. (2016). Minding our language: why education and technology is full of bullshit...
and what might be done about it. Learning, Media, and Technology, 41(3), 437-443.
https://doi-org/10.1080/17439884.2015.1012523

Sergiovanni, T.J. (1992). Moral leadership: Getting to the heart of school improvement.
Jossey Bass Inc.

Sergiovanni, T., & Starratt, R. (2002). Supervision: A redefinition. McGraw Hill.

Serin, H. (2018). A comparison of teacher-centered and student-centered approaches in
educational settings. International Journal of Social Sciences & Educational
Studies, 5(1), 164-167.

Shephard, K. (2008). Higher education for sustainability: Seeking affective learning
outcomes. International Journal of Sustainability in Higher Education, 9(1), 87-98.

Shields, C. M. (2004). Dialogic leadership for social justice: Overcoming pathologies of
silence. Educational Administration Quarterly, 40(1), 109-132.

Silva, C. M., Moses, R. P., Rivers, J., & Johnson, P. (1990). The Algebra Project: Making
middle school mathematics count. The Journal of Negro Education, 59(3), 375-391.

Simpson, E. (1971). Educational objectives in the psychomotor domain. Behavioral
Objectives in Curriculum Development, 60(2).

Simpson, E. (1972). The classification of educational objectives in the psychomotor domain.

Gryphon House.

184



Skerrett, A., Warrington, A., & Williamson, T. (2018). Generative principles for professional
learning for equity-oriented urban English teachers. English Education, 50(2), 116-
146.

Skiba, R. J., Arredondo, M. 1., & Williams, N. T. (2014). More than a metaphor: The
contribution of exclusionary discipline to a school-to-prison pipeline. Equity &
Excellence in Education, 47(4), 546-564.

Skilling, K., Bobis, J., & Martin, A. J. (2020). The “ins and outs” of student engagement in
mathematics: shifts in engagement factors among high and low achievers.
Mathematics Education Research Journal, 2(5), 1-25.

Skinner, B.F. (1938). The behavior or organisms: An experimental analysis. Appleton-
Century Crofts.

Skinner, B.F. (1954). The science of learning and the art of teaching. Harvard Educational
Review, 24, 86-97.

Skoda, J., Doulik, P., Bilek, M., & Simonova, . (2016). Learning style as a factor
influencing the effectiveness of the inquiry-based science education at lower
secondary schools. Journal of Baltic Science Education, 15(5), 588-601.

Slavin, R.E. (1986). The Napa evaluation of Madeline Hunter’s ITIP: Lessons learned. The
Elementary School Journal, 87(2), 17-25.

Smallhorn, M. (2017). The flipped classroom: A learning model to increase student
engagement not academic achievement. Student Success, 8(2), 43-53.

Smith, S. G., & Sherwood, B. A. (1976). Educational uses of the PLATO computer system.

Science, 192(4237), 344-352.

185



Smith, L., Martin, W. G., Wan, A., Duenas, G., Shumack, K., & Beziat, T. L. R. (2015).
Using reform pedagogy to improve students’ application skills in college remedial
mathematics courses. Mathematics and Computer Education, 49(2), 124-138.

Smith, F., Mihalakis, V., & Slamp, A. (2017) 4 key things to know about distributive
leadership. http://k12education.gatesfoundation.org

Snape, P. (2017). Enduring learning: Integrating soft skills through technology education.
Design and Technology Education, 22(3).

Sokal, L., Trudel, L. E., & Babb, J. (2020). Canadian teachers’ attitudes toward change,
efficacy, and burnout during the COVID-19 pandemic. International Journal of
Educational Research Open, 1, 100-116.

Sottilare, R. A., Graesser, A. C., Hu, X., Olney, A., Nye, B., & Sinatra, A. M. (2016). Design
recommendations for intelligent tutoring systems: Volume 4-domain modeling. U.S.
Army Research Laboratory.

Sottilare, R., Hackett, M., Pike, W., & LaViola, J. (2017). Adaptive instruction for medical
training in the psychomotor domain. The Journal of Defense Modeling and
Simulation, 14(4), 331-343.

Sottilare, R. A., & LaViola, J. (2015). Extending intelligent tutoring beyond the
desktop to the psychomotor domain. U.S. Army Research Laboratory.

Span, C. M. (2015). Post-slavery? Post-segregation? Post-racial? A history of the impact of
slavery, segregation, and racism on the education of African Americans. Teachers
College Record, 117(14), 53-74.

Spillane, J. P. (2000). Cognition and policy implementation: District policymakers and the

reform of mathematics education. Cognition and Instruction, 18(2), 141-179.

186


http://k12education.gatesfoundation.org/

Spillane, J. P., Halverson, R., & Diamond, J. B. (2001). Investigating school leadership
practice: A distributed perspective. Educational Researcher, 30(3), 23-28.

Spruill, L. H. (2016). Slave patrols,‘packs of Negro dogs’ and policing black
communities. Phylon, 53(1), 42-66.

Stafford-Brizard, K. B. (2016). Building blocks for learning: A framework for
comprehensive student development. https://www.turnaroundusa.org

Stallings, J. (1985). A study of implementation of Madeline Hunter's model and its effects on
students. The Journal of Educational Research, 78(6), 325-337 .stallings

Stallings J., & Krasavage, E.M. (1986). Program implementation and student achievement in
a four-year Madeline Hunter follow-through project. The Elementary School Journal,
87(2), 26-47.

Stanny, C. (2016). Reevaluating Bloom’s Taxonomy: What measurable verbs can and cannot
say about student learning. Education Sciences, 6(4), 37.

Steedle, J. T., Hawk, W., & ACT, 1. (2020). Effectiveness of WorkKeys curriculum for
improving foundational workplace skills: Nevada state high school case study. ACT,
Inc.

Steele, C. (2003). Stereotype threat and African American student achievement. The
inequality reader: Contemporary and foundational readings in race, class, and
gender, 276-281.

Steinberg, M. P., & Quinn, R. (2017). Education reform in the post-NCLB era: Lessons
learned for transforming urban public education. Cityscape, 19(1), 191-216.

Stiggins, R.J. (2005). Student-involved assessment for learning. Pearson.

187


https://www.turnaroundusa.org/

Stoll, L., Bolam, R., McMahon, A., Wallace, M., & Thomas, S. (2006). Professional learning
communities: A review of the literature. Journal of educational change, 7(4), 221-
258.

Summit Public Schools. (2017). The science of Summit.
https://www.summitlearning.org/research

Supovitz, J. A., & Christman, J. B. (2003). Developing communities of instructional practice:
Lessons from Cincinnati and Philadelphia. Consortium for Policy Research in
Education.

Taagepera, M., Potter, F., Miller, G. E., & Lakshminarayan, K. (1997). Mapping students’
thinking patterns by the use of the knowledge space theory. International Journal of
Science Education, 19(3), 283-302.

Taagepera, M., & Noori, S. (2000). Mapping students' thinking patterns in learning organic
chemistry by the use of knowledge space theory. Journal of Chemical
Education, 77(9), 1224.

Taylor, F. (1947). The principles of scientific management. W. W. Norton & Company.

Taylor, J. (2008). The effects of a computerized algebra program on mathematics
achievement of college and university freshmen enrolled in a developmental
mathematics course. Journal of College Reading and Learning, 39(1).

Taylor, S. C. (2017). Contested knowledge: A critical review of the concept of differentiation
in teaching and learning. The Interdisciplinary Research Journal, 1, 55-68.

Tennyson, R. D., & Nielsen, M. (1998). Complexity theory: Inclusion of the affective
domain in an interactive learning model for instructional design. Educational

Technology, 38(6), 7-12.

188



Thum, Y. M., & Hauser, C. H. (2015). NWEA 2015 MAP norms for student and school
achievement status and growth. Northwest Evaluation Association.

Toner, P. (2011). Workforce skills and innovation: An overview of major themes in the
literature. Organisation for Economic Cooperation and Development.

Turker, A., Gorgun, 1., & Conlan, O. (2006). The challenge of content creation to facilitate
personalized e-learning experiences. International Journal on ELearning 5(1), 11-17.

United States Department of Education. (2009). Race to the Top Program executive
summary. https://www2.ed.gov/programs/racetothetop/executive-summary.pdf

Usdin, L. (2014). Building resiliency and supporting distributive leadership post-disaster:
Lessons from New Orleans a decade (almost) after Hurricane Katrina. The
International Journal of Leadership in Public Services 10(3), 157-171.

Valenti, M. (2010). Leadership responsibilities associated with student academic
achievement: A study of the perspectives of national distinguished elementary school
principals in an era of high stakes accountability. Seton Hall University.

Vander Ark, T. (2012). Getting smart: How digital learning is changing the world. John
Wiley & Sons.

Verenna, A. M. A., Noble, K. A., Pearson, H. E., & Miller, S. M. (2018). Role of
comprehension on performance at higher levels of Bloom's taxonomy: Findings from
assessments of healthcare professional students. Anatomical Sciences Education,
11(5), 433-444.

Vescio, V., Ross, D., & Adams, A. (2008). A review of research on the impact of
professional learning communities on teaching practice and student learning.

Teaching and Teacher Education, 24(1), 80-91.

189


https://www2.ed.gov/programs/racetothetop/executive-summary.pdf

Villano, M. (1992, June). Probabilistic student models: Bayesian belief networks and
knowledge space theory. In International Conference on Intelligent Tutoring
Systems (pp. 491-498). Springer.

Vivian, L. (2017). The influence of school segregation on students’ educational achievement.
Perspectives, 9(1), 1-12

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes.
Harvard University.

Wald, J., & Losen, D. J. (2003). Defining and redirecting a school-to-prison pipeline. New
Directions for Youth Development, 2003(99), 9-15.

Walker, V. S. (2000). Valued segregated schools for African American children in the South,
1935-1969: A review of common themes and characteristics. Review of Educational
Research, 70(3), 253-285.

Wang, X., Wang, Y., Wickersham, K., Sun, N., & Chan, H. Y. (2017). Math requirement
fulfillment and educational success of community college students: A matter of when.
Community College Review, 45(2), 99-118.

Whitehurst, G. J. (2017). New evidence on school choice and racially segregated
schools. Evidence Speaks Reports, 2(33).

Wilka, M., & Cohen, J. (2013). It’s not just about the model: Blended learning, innovation,
and year 2 at Summit Public Schools. Summit Public Schools.

Williams, A. (2011). A call for change: Narrowing the achievement gap between white and
minority students. The Clearing House: A Journal of Educational Strategies, Issues

and Ideas, 84(2), 65-71.

190



Winn, M. T., & Behizadeh, N. (2011). The right to be literate: Literacy, education, and the
school-to-prison pipeline. Review of Research in Education, 35(1), 147-173.

Wood, D., Bruner, J., & Ross, G. (1976). The role of tutoring in problem solving. Journal of
Child Psychology and Child Psychiatry, 17(1), 89-100).

Woodson, C. (1990). The mis-education of the Negro. Africa World Press. (Original work
published 1933).

Wu, H., Shen, J., Spybrook, J., & Gao, X. (2021). Closing achievement gaps: Examining the
roles of school background and process. Education and Urban Society, 8, 12-15.

Zaleznik, A. (1977). Managers and leaders: Are they different? Harvard Business Review
81(1), 74-81.

Zenner, C., Herrnleben-Kurz, S., & Walach, H. (2014). Mindfulness-based interventions in
schools—a systematic review and meta-analysis. Frontiers in Psychology, 5, 603.

Zephier Olson, M. D., & Dombrowski, K. (2020). A systematic review of Indian boarding
schools and attachment in the context of substance use studies of Native
Americans. Journal of Racial and Ethnic Health Disparities, 7(1), 62—71.
https://doi-org. /10.1007/s40615-019-00634-4

Zhang, D., Zhao, J.L., Zhou, L., & Nunamaker Jr., J.F. (2004). Can e-learning replace
classroom learning? Communications of the ACM, 47(5), 75-79.
http://dx.doi.org/10.1145/986213.986216

Zoch, P.A. (2004). Doomed to fail: The built-in defects of American education. Reed

Business Information.

191



VITA

Andrew Haws was born on July 28, 1987 in Rochelle, Illinois. After graduating
Rochelle Township High School, he attended Truman State University in Kirksville
Missouri. After completing his undergraduate degree in mathematics, Andrew also earned a
master’s degree in education. Education was chosen as a career field because Andrew was
passionate about social justice and believed that public education was the best way to combat
systemic and institutional racism. He started teaching high school in Smithville, Missouri,
and earned his master’s degree in educational administration in order to pursue a position in
leadership.

After working in Smithville for five years, Andrew moved to Kansas City, Missouri
to teach at a Park Hill High School. After three years, he was promoted to the position of
administrative intern, where he has tackled the district-wide move to a Multi-Tiered System
of Supports (MTSS). Under this new model, restorative justice practices have been
implemented to support the varied needs of students. Further, as the district has sought to
incorporate various technological products to support the shift to online learning, Andrew has
seen firsthand how Intelligent Tutoring Systems (ITS) have both benefited and failed
students within his district. As the district seeks to move forward with online learning even
after the pandemic, Andrew hopes to support the district with relevant research relating to

student learning using ITS models.

192



