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ABSTRACT
The purpose of this mixed methods study was to investigate relationships between
students’ ALEKS usage, teachers’ implementation of ALEKS, and student performance on the
2017 – 2018 LEAP 2025 mathematics assessment. The quantitative portion of the study involved
district-level analyses and teacher-level analyses that explored relationships between students’
ALEKS usage and LEAP performance. The qualitative portion of the study took into consideration
previous research findings that have reported associations between program implementation and
student achievement. This portion of the study included thematic analyses that examined the
following relationships: ALEKS implementation in relation to teacher groups (i.e., RtI 8, Math 8,
Both, and Magnet), ALEKS implementation of each teacher and LEAP performance, and ALEKS
implementation in relation to teacher rankings (i.e., high student achievement or HSA / low student
achievement or LSA) and LEAP performance.
Key findings from the quantitative analyses indicated that ALEKS usage in terms of time
spent and concept mastery did not make a statistically significant impact on students’ LEAP
performance for any of the teachers except one teacher. In contrast, ALEKS usage in terms of
skill mastery made a statistically significant impact on students’ LEAP performance for HSA
teachers and for one LSA teacher. However, low usage of ALEKS in terms of time spent limited
my ability to fully assess the potential impact of ALEKS usage on students’ LEAP performance.
Key findings from the qualitative analyses indicated that there were differences in ALEKS
implementation amongst teacher groups. To control for group differences, this study focused on
Math 8 teachers who used the ALEKS Middle School Math Course 3 curriculum; these teachers
were ranked into student achievement groups HSA and LSA. In essence, ALEKS implementation
of HSA teachers were more closely aligned with ALEKS (2017) Best Practices for program

xiv

implementation compared to LSA teachers. ALEKS implementation of LSA teachers typically
deviated from ALEKS (2017) Best Practices. Overall, these findings suggest that despite low
usage of ALEKS in terms of time spent, teachers who more closely followed the recommendations
of ALEKS (2017) Best Practices had positive statistically significant associations between
students’ skill mastery on ALEKS and LEAP performance.
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CHAPTER ONE. STATEMENT OF THE PROBLEM
Introduction
Throughout the recent history of American education, methods used to promote student
learning have often reflected the theoretical ideals and interests of educational psychologists, who
sometimes have provided technological tools to enhance those efforts. During the 1950s and
1960s, behaviorist ideals dominated the field of education, promoting pedagogical practices such
as traditional whole group instruction together with exercises that promoted skill development
through rote memorization. Skinner’s (1958) learning machines are an early instance of such
technological development. More recently, technology development reflecting behaviorist
perspectives have been promoted through computer-assisted instruction (CAI) programs (Nwana,
1990). Although CAI programs contained content knowledge, they were instructionally inflexible.
They were incapable of adapting instruction to the knowledge state of the learner. Reflecting
behaviorist theory, CAI programs were primarily geared toward eliciting set performances from
students, without direct reference to underlying concepts (Shute & Psotka, 1996).
During the early 1970s, limitations of the behaviorist approach to teaching and learning
gave rise to a paradigmatic shift in educational reform: Cognitive science. Cognitive science is
the study of how humans process information (Cruickshank, Jenkins, & Metcalf, 2012). In
application, understanding people’s thinking process is key to developing more effective lessons
that tailor to the needs of individual learners. This approach to teaching and learning is referred
to as personalized instruction. Promotion of this principle has been reflected in the field of
computer science such as the development of intelligent tutoring systems (ITSs). ITSs are
computer programs designed to facilitate personalized instruction through artificial intelligence
(AI) techniques (Shute & Psotka, 1996). Cognitive psychologists have been advocating the use of
1

ITSs because they believe the use of ITSs are the most promising approach for facilitating effective
personalized instruction (Sleeman & Brown, 1982). Pitler, Hubbell, Kuhn, and Malenoski (2007)
claimed that when “applied effectively, technology implementation not only increases student
learning, understanding, and achievement but also augments motivation to learn, encourages
collaborative learning, and supports development of critical thinking and problem-solving skills”
(para. 3).
Currently, considering the growing trend of American classrooms becoming more diverse
compared to previous decades, there has been a greater demand for teacher competency in
addressing the needs of all learners in the most effective way possible. ITSs claim to provide
teachers the extra hands to more effectively accommodate the needs of each and every learner,
making it all the more possible for teachers to simultaneously teach each and every student at
his/her own learning pace or cognitive abilities. However, one major ITS challenge is determining
best practices for program implementation (Keles, 2011; Rodrigues, Novais, & Santos, 2005).
Best practices for ITS implementation have been unclear since its creation. As Rodrigues, Novais,
and Santos (2005) stated:
The proliferation of ITS, has spawned many debates about their use and
effectiveness: The Degree of Learner Control: How much learner control
should be allowed by the systems? Individual vs. Collaborative Learning:
Should learners interact with ITS individually or collaboratively? Situated
Learning: Is learning situated, unique, and ongoing, or is it more symbolic,
following from an information processing model? Virtual Reality and Learning:
Does virtual reality uniquely contribute to learning beyond computer aided
instruction or multimedia? (p. 1).
Despite favorable results reported in many studies spanning a wide variety of
implementation practices, there is a need to better understand the efficacy of particular practices
with respect to student achievement. In fact, there is very little research that investigated the impact
of ITS implementation and students’ mathematics achievement, particularly on state benchmark
2

exams. One study that examined the impact of curriculum implementation on student achievement
confirmed prior research findings that have reported positive associations between the
implementation of learner-centered curricula and student achievement. However, findings from
this study also indicated that there is a negative association between poor curriculum
implementation and student achievement (Ikemoto, Steele, & Pane, 2016). Another study
conducted by Hill, McGinn, and Gilbert (2015) evaluated the quality of mathematics instruction
in the U.S., particularly the quality of mathematics lessons in the middle grades. Even though
associations between lesson quality and student achievement were not examined, results indicated
much needed improvement in the quality of mathematics instruction in middle schools, including
the need for professional development that support teachers in effectively facilitating standardsbased practices (Hill, McGinn, & Gilbert, 2015).
As a middle school mathematics teacher, I have facilitated several ITSs that claim to
improve student performance in mathematics. One ITS I used was the Assessment and Learning
in Knowledge Spaces program (ALEKS). I chose to study relationships between students’ ALEKS
usage, program implementation, and their performance on the 2017 – 2018 LEAP 2025
mathematics assessment because this will contribute to the existing body of research related to the
effects of ALEKS on student performance. Additionally, considering there is very little research
concerning the impact of program implementation on student performance, it seems worthwhile
to carefully monitor program effectiveness within a particular Louisiana school district in relation
to program implementation. From here on, this particular school district will be referred to as
DISTRICT.
In this chapter, I will elaborate on the following: 1) Problem statement; 2) Purpose of the
study; 3) Rationale; 4) Research questions; 5) Theoretical framework of the study.
3

Purpose of the Study
Previous studies indicate that although the ALEKS program has been implemented in
schools and school districts across the U.S., research results concerning the impact of the ALEKS
program on students’ mathematics achievement are mixed. Some schools and school districts
reported highly favorable results, indicating that the ALEKS program did improve student
performance (ALEKS, 2018; Craig, Hu, Graesser, et al., 2013). However, one study conducted
by Craig, Hu, Graesser, et al. (2013) reported that the performance of students in ALEKS-led
classrooms did not significantly differ from students taught by expert teachers in the Tennessee
Comprehensive Assessment Program (TCAP). Craig, Hu, Graesser, et al. (2013) also reported that
during school hours, levels of student engagement were the same in ALEKS-led classrooms as
there were in classrooms taught by expert teachers. These findings suggest that solely
incorporating instructional technology does not guarantee improved academic performance (Craig,
Hu, Graesser, et al., 2013). However, students who participated in ALEKS after-school
remediation required significantly less assistance from their teachers compared to students who
did not participate in ALEKS after-school remediation (Craig, Hu, Graesser, et al., 2013).
Huang, Craig, Xie, Graesser, and Hu (2016) also investigated the effects of ALEKS on
student learning when implemented after school and reported that ALEKS was more effective
when implemented after school than during school hours. This claim was supported by other
educational researchers (Finn, Yan, Martin, et al., 2017; Young, Ortiz, & Young, 2017; Stacy,
Cartwright, Arwood, Canfield & Kloos, 2017).
Other factors believed to affect student performance on ITSs are as follows: 1) Student
behavior. Baker, Xie, Mojarad, Shubeck, Essa, and Hu (2017) argued that student behavior and
learning strategies play a key role in improving student achievement on ITS programs such as
4

ALEKS; 2) Student attendance rate. Vandell, Reisner, Brown, et al. (2005) indicated that the
effectiveness of after-school programs is often uncertain due to sporadic attendance in the
programs. Moreover, many students view after-school programs as additional school time and are,
therefore, less likely to attend on a consistent basis. 3) Program implementation. John Marzion,
the Math Learning Coach at East Middle School, stated that the "most effective use of the
[ALEKS] program involved longer class periods during which ALEKS was combined with small
group instruction" (ALEKS, 2018, p. 2). On the contrary, the ALEKS corporation (2019) strongly
encourages independent work on ALEKS to maximize program benefits.
Considering mixed results, this study will investigate the following issues:
1. The relationship between ALEKS implementation and student achievement on the 2017 –
2018 LEAP 2025 mathematics state benchmark assessment.
2. The relationship between students’ ALEKS usage (i.e., the number of hours spent and the
percentage of concepts covered) and student achievement on the 2017 – 2018 LEAP 2025
mathematics state benchmark assessment.
Concerning the first issue, the purpose of exploring associations between ALEKS
implementation and students’ LEAP performance is to contribute to the existing body of research
related to the effects of ALEKS implementation on student achievement. In this study, this
relationship will be thematically examined in relation to statistically significant findings.
For the second issue, results from this study will reveal whether or not there is an advantage
to using ALEKS, including whether or not the program is more beneficial to certain student
demographics than others. Considering that learning experiences are unique to each individual, it
is worthwhile to explore the impact of the ALEKS program on students’ mathematics achievement
within DISTRICT.
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Rationale for the Study
This study was motivated by mixed results concerning ALEKS program benefits on student
learning. Considering DISTRICT’s district-wide mandate of the ALEKS program during the 2017
– 2018 academic school year, I conducted this study to determine whether or not ALEKS improved
students’ mathematics achievement within DISTRICT, including which implementation practices
made a positive impact on student performance.
According to the Louisiana Department of Education (LDE) Louisiana Believes webpage,
DISTRICT’s performance data for 2015 – 2018 indicates that twenty-nine percent of DISTRICT’s
eighth-grade population in 2018 performed at or above the Proficient level (or Mastery level),
which is a two-percentage point increase compared to 2017, four-percentage points shy of the
national average (33%). Given these results, I am interested in discovering which ALEKS usage
variables contributed to the increase as well as the extent to which they impacted student
performance. Therefore, this study will explore the following concerning 2017 – 2018 district
data:
1. The portion of students’ mathematics achievement that can be explained by their ALEKS
usage. Examining this will reveal which ALEKS usage variables actually made a positive
impact on student performance.
2. The portion of students’ mathematics achievement that can be explained by program
implementation. Results will inform DISTRICT how ALEKS was best implemented.
This study is significant for the following reasons: First, it will contribute to the existing
body of research concerning the relationship between students’ ALEKS usage, program
implementation, and performance on mathematics benchmark assessments. Second, statistical
analysis of DISTRICT’s district data will confirm whether or not there is an advantage to using
the ALEKS program. If there is an advantage, we will be able to determine the extent to which
the ALEKS program impacted student performance according to demographics. Third, results
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from this study will inform DISTRICT’s educators, including myself, of best practices for program
implementation. If results from this study indicate that certain implementation practices had a
positive impact on students’ mathematics achievement, district educators may use this information
to make necessary adjustments to instructional design to optimize program benefits. Fourth,
presenting evidence that supports program benefits on student learning may increase teacher and
student buy-in to using the program. In essence, results from this study will provide information
that may help DISTRICT establish policies for future ALEKS use.
Research Questions
This study addressed five questions, as follows:
1. Is there a relationship between the amount of time students spent on ALEKS and their
performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we control for
prior LEAP performance?
2. Is there a relationship between the percentage of concepts students mastered on ALEKS
and their performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we
control for prior LEAP performance?
3. Is there a relationship between concepts mastered on ALEKS, time spent on ALEKS, and
2017 – 2018 LEAP 2025 exam scores when we control for prior LEAP performance?
4. Did ALEKS implementation differ across teacher groups?
5. Was there a difference in the implementation of ALEKS between teachers with higher
student achievement and those with lower student achievement on the 2017 – 2018 LEAP
2025 mathematics assessment?
Theoretical Foundations
This study is guided by two theoretical foundations: Knowledge Space Theory (KST) and
Cognitive Learning Theory (CLT). This section addresses why both frameworks were selected,
including what each theory entails.
Knowledge Space Theory
KST is the theoretical framework upon which the ALEKS program is based. KST is based
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on the theoretical premise that every knowledge domain or subject area can be represented by a
set of problems within that domain (Craig, Hu, Graesser, et al., 2013). Two major principles of
KST are as follows: 1) The construction of student knowledge models (also referred to as learner
models); 2) The construction of knowledge structures from student knowledge models. In
application, students’ knowledge of subject matter is represented through a set of problems he/she
is able to solve, which is referred to as one’s knowledge state. From student’s knowledge state, a
knowledge structure or ALEKS learning path (ALEKS, 2019) is generated to precisely adapt
instruction and activities to meet learner’s needs.
Cognitive Learning Theory
CLT was adopted to guide my analysis of ALEKS survey results concerning program
implementation practices. CLT centers around the fact that students process information in unique
ways. CLT not only focuses on students’ individual thought processes but also best practices for
technology implementation. From ALEKS survey results, this theory will be tested to determine
whether or not there is an actual advantage to implementing the ALEKS program according to
CLT goals for cognitive learning.
CLT, developed by Pitler, Hubbell, Kuhn, et al. (2007), primarily focuses on cognition
(understood as information processing). Application of CLT stresses the importance of activity
scaffolding together with technology integration. Instructional practices that target CLT goals for
cognitive learning are as follows: 1) Scaffold instruction to enhance students’ ability to recall and
organize information in order to make organized information more meaningful; 2) Provide
feedback to students concerning their progress; 3) Provide opportunity for cooperative learning
(the primary mechanism used to store information into long-term memory); 4) Provide positive
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reinforcement to increase student motivation (e.g., praise); 5) Provide homework assignments to
aid students’ memory retention of content taught or discussed (Bowen, 2010)
Note that the ALEKS program integrates goals 1, 2, 4 into its program framework. Goals
3 and 5 can be obtained by providing students opportunities to collaborate during ALEKS
sessions as well as encouraging them to work on ALEKS at home.
Summary
This chapter provided the background information and focus for this study. Background
information included an historic overview of events that influenced ITS development, mixed
reports concerning the effectiveness of ALEKS on student learning, and eighth-grade performance
on the 2017 – 2018 LEAP 2025 mathematics assessment within DISTRICT. The focus of this
study is the relationship between ALEKS usage, program implementation, and student learning.
Extensive analysis of topics related to background information and focus of this investigation was
presented in Chapter Two.
Definition of Terms
The following are definitions and abbreviations for key terms used in this study:
Assessment and LEarning in Knowledge Spaces program (ALEKS). A web-based ITS
that utilizes artificial intelligence techniques (i.e., KST) to personalize instruction for each
individual learner (ALEKS, 2018). It is the only commercial ITS program that is based on the
application of KST (Maciuszek, 2018).
Artificial intelligence (AI). Originating from the field of cognitive psychology, it is the
study of cognition through computational models (Charniak & McDermott, 1985). The
incorporation of AI techniques makes it possible for computers to provide means of studying
human cognition, which is critical to the advancement of educational practices.
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Computer-assisted instruction (CAI). Computer programs designed to deliver
individualized instruction and are primarily geared towards eliciting set performances from
students, without direct reference to underlying concepts (Shute & Psotka, 1996).
Education data mining (EDM). A relatively recent field in the advancement of adaptive
learning (Vandewaetere and Clarebout, 2014). EDM involves the exploration of “unique types”
of student data with specific ties to educational settings (Vandewaetere and Clarebout, 2014). The
purpose is to better understand each and every learner within the context of their social
environment.
Intelligent tutoring systems (ITS). Computer systems that are based on merged
theoretical principles of cognitive psychology and artificial intelligence (Shute and Psotka, 1996).
ITSs incorporate AI to produce behaviors that we deem intelligent such as knowing content
knowledge, retrieving knowledge about the learner, and devising approaches that help the learner
master instructional objectives (Shute & Psotka, 1996).
Knowledge space theory (KST). Developed by Doignon and Falmagne (1999), it is the
cognitive science behind ALEKS. KST is based on the premise that every knowledge domain can
be represented by a set of problems within that domain (Craig, Hu, Graesser, et al., 2013).
Application of KST enables the ALEKS program to precisely adapt instruction and activities to
meet learner’s needs based upon learner’s responses (ALEKS, 2018).
LEAP 2025 mathematics benchmark assessment (LEAP 2025). According to LDE
Louisiana Believes LEAP 2025 ELA, Math, and Social Studies 2018 Interpretive Guide (2018),
LEAP 2025 are summative assessments that reveal students’ strengths and weaknesses concerning
the following subcategories: Major Content with grade-specific subcategories, Additional &
Supporting Content, Expressing Mathematical Reasoning, and Modeling & Application. Students’
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overall level of mathematical competency is indicated by a scaled score, which ranges from 650 –
850 (LDE, 2018).
National Assessment of Educational Progress (NAEP). The largest national assessment
program that periodically administers benchmark assessments for grade levels four, eight, and
twelve in the following subject areas: “Reading, mathematics, science, writing, U.S. history,
civics, geography, and other subjects” (National Assessment Governing Board [NAGB], 2015,
para. 13). NAEP reports national results on The Nation’s Report Card webpage. Reports include
student demographics, state performance rankings, and historic trends of student performance in
mathematics and English Language Arts (ELA).
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CHAPTER TWO. REVIEW OF THE LITERATURE
Introduction
In this chapter, I present a review of scholarly literature related to the development of ITSs,
reasons supporting ITS integration in mathematics education, ITS impact on students’
mathematics achievement, and best practices for ITS implementation. This chapter begins with
Middle School Mathematics Performance in the U.S. since the 1990s, which establishes the major
premise for which many ITSs continue to evolve in order to support national learning goals for
mathematics education. In recent decades, U.S. students’ mathematics achievement scores on state
benchmark exams and national assessments have been the major driving force for educational
reform, specifically concerning mathematics standards, mathematics curricula, and pedagogical
practices.

Concurrent to these ongoing changes, ITS infrastructure and frameworks have

constantly evolved to meet learners’ needs with the ultimate goal of improving student learning
and achievement.
In the subsequent sections, the following issues (indicated by subheadings) are addressed
in relation to the purpose of this study: Instructional Quality in U.S. Middle Schools (to examine
teacher effectiveness in the implementation of lessons and student activities according to
implementation guidelines for Common Core State Standards, also referred to as CCSS); The Link
between Curriculum Implementation and Students’ Mathematics Achievement (to determine
whether or not there has generally been a significant correlation between ITS implementation and
students’ mathematics achievement on benchmark exams); NCTM’s Mathematics Best Practices
for Instruction and Technology Implementation (to serve as a benchmark for analyzing ALEKS
survey results concerning program implementation); The Motivational Premise behind Intelligent
Tutoring System Integration in Education (to explore the role and significance of ITSs in
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mathematics education such as improving student engagement, student learning and student
performance); Historical Review of ITS Progression as a Learning Tool (to investigate the ongoing
development of ITSs since the beginning of ITS creation); The ALEKS program (a very popular,
multi-purpose ITS for K - 12 mathematics), its intended use and impact on student learning.
Middle School Mathematics Performance in the U.S. since the 1990s
In the U.S., mathematics has been one of the most challenging subjects to master,
particularly in the middle grades. NAEP’s The Nation's Report Card reported that only thirteen
percent of the U.S. fourth-grade mathematics achievement scores were at or above the Proficient
level in 1990. By 2017, although the percentage of fourth-grade mathematics achievement scores
at or above the Proficient level approximately tripled (i.e., to forty percent), these results indicated
that fewer than half of the U.S. fourth-grade population are Proficient in mathematics (NAEP,
2017, para. 1). In fact, the average fourth-grade mathematics achievement score in 2017 increased
by only twenty-seven points since 1990 (U.S. Department of Education [ED], 2018).
U.S. eighth-grade mathematics achievement scores were more troubling. In 1990, fifteen
percent of eighth-grade mathematics achievement scores were at or above the Proficient level,
which was two percentage points higher than fourth-grade mathematics achievement scores at the
time. In 2003, however, eighth-grade mathematics achievement lost the lead and continued to lag
behind fourth-grade mathematics achievement. By 2017, only thirty-three percent of eighth-grade
students performed at or above the Proficient level compared to forty percent in fourth-grade.
These results also indicated that sixty-six percent of U.S. eighth-grade students were below
Proficient (NAEP, 2017, para. 1).
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Analyzing the Decline in U.S. Mathematics Achievement: A Closer Look
NAEP, “a congressionally authorized project of the National Center for Education
Statistics within the Institute of Education Sciences of the U.S. Department of Education,” has
periodically administered assessments since 1969 for grade levels four, eight, and twelve in the
following subject areas: “Reading, mathematics, science, writing, U.S. history, civics, geography,
and other subjects” (NAGB, 2015, para. 13). NAEP’s mathematics assessments address five
mathematical domains: “number properties and operations; measurement; geometry; data analysis,
statistics and probability; and algebra” (NAGB, 2015, para. 5). According to NAGB (2015),
fourth-grade students who scored at or above the Proficient level were likely to exhibit competency
in dividing a “three-digit whole number by a one-digit whole number” (para. 5). Eighth-grade
students who scored at or above the Proficient level were likely to “translate a verbal statement
into an equation” (NAGB, 2015, para. 5).
Although there has been a significant increase in the performance of fourth-grade students
since 1992, the average mathematics achievement score in 2015 was significantly lower compared
to 2013, while the average mathematics achievement score in 2017 did not significantly differ
from 2015 (NAEP, 2017, para. 1). Fourth-grade mathematics achievement was also analyzed
according to the following percentiles: 10th percentile, 25th percentile, 50th percentile, 75th
percentile, and the 90th percentile (NAEP, 2017, para. 3). There was an upward trend in fourthgrade mathematics performance in all five percentiles between 1990 – 2013. In 2017, however,
the average mathematics performance was lower at the 10 th and 25th percentiles compared to
respective categories in 2015 (NAEP, 2017, para. 3).
Concerning eighth-grade mathematics, results are as follows: There has been an upward
trend in the mathematics performance of eighth-grade students since 1992. However, in 2015,
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there was a significant drop in the average mathematics score compared to 2013. Whitehurst
(2015) translated the five-point decline in NAEP mathematics assessments to “mean that eighth
graders in 2015 were roughly six months of school behind eighth graders in 2013” (para. 3).
Additionally, 2017 results did not significantly differ from 2015 (NAEP, 2017, para. 1).
Concerning percentile scores, results for eighth-grade mathematics achievement were as
follows: The average mathematics score of eighth-grade students who ranked in the twenty-fifth
percentile in 2017 was two points lower than the average performance score in 2015 (NAEP, 2017,
para. 3). Additionally, the average mathematics score of eighth-grade students who ranked at or
above the seventy-fifth percentile in 2017 were a bit higher compared to respective categories in
2015 (NAEP, 2017, para. 3).
Parallels between U.S. Fourth-grade and Eighth-grade Mathematics Achievement
Considering the results for grade levels four and eight, there appears to be remarkable
similarity in students’ mathematics achievement according to NAEP reports: 1) There was an
upward trend in students’ mathematics achievement between 1990 and 2013; 2) The 2013 school
year marked a pivotal point from the upward trend of students’ mathematics achievement in both
grade levels; 3) The average performance in fourth-grade and eighth-grade mathematics in 2015
was significantly lower compared to 2013; 4) The average performance in mathematics for 2017
did not significantly differ from 2015 (NAEP, 2017).
Louisiana’s Eighth-grade Mathematics Achievement according to Demographics
NAEP (2017) reported that trends in eighth-grade NAEP mathematics average scores
within the state of Louisiana were similar to national trends: 1) The 2013 school year marked a
pivotal point concerning eighth-grade mathematics achievement; 2) In 2015, there was a
significant decline in student performance compared to 2013; 3) The average performance in
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eighth-grade mathematics for 2017 did not significantly differ from 2015 results. In fact, the
significant decline in students’ mathematics achievement for grade eight, which occurred between
2013 and 2015, was evident across the following student demographics: 1) Race; 2) Gender; 3)
School location (NAEP, 2017). However, it is worthy to note that while there was not a significant
drop in students’ mathematics achievement for eighth-grade students who were identified with
disabilities, the mathematics performance of eighth-grade students who were not identified as
students with disabilities reflected the national trend, particularly between 2013 and 2017 (NAEP,
2017).
Reasons Speculated for the 2015 National Decline
The post-2013 decline in U.S. students’ NAEP mathematics achievement scores have
gained national attention: Kane (2015) from Brookings Institution stated, “[This] was the first
time that math achievement had fallen in either fourth grade or eighth grade . . . since 1990” (para.
1). The New York Times (2016) reported: “[T]he average performance of the nation’s high school
seniors dropped in math from 2013 to 2015. [Also, the] lower-grade results . . . released last fall .
. . showed a similar decline in math” (para. 1).
Several factors have been speculated to explain the post-2013 decline in U.S. students’
NAEP mathematics achievement scores across the grade levels. Heitin (2015), assistant editor for
Education Week, stated: “With U.S. students' math and reading scores showing statistically
significant declines on a national test for the first time in more than two decades, advocates on all
sides have begun pointing fingers” (para. 1). Transitioning to CCSS, frequent testing, changes to
demographics, and the availability of advance math courses were all considered to explain
causation.
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According to The New York Times, “Students who scored at the average [or at the Basic
level] were likely to be able to use proportions to calculate height, but [were] unable to use an
algebraic model to predict cost using a calculator” (para. 10). The New York Times (2016) added,
“[T]hose who scored better were the students who took advanced math courses like calculus and
read more pages in and out of school. Higher-scoring students also read for fun almost every day”
(para. 12).
Whitehurst (2015) from Brookings Institution shared a different perspective:
What accounts for the decline? It is never just one thing. Further,
NAEP is to schooling as a thermometer is to a medical patient. It
tells something important about the health of its subject, but
virtually nothing about why things are as they are. That hasn’t
stopped the usual pouring forth of opinions and punditry about what
this year’s NAEP results mean. (para. 4)
According to Whitehurst (2015), forty-three states including the District of Columbia
(D.C.) adopted CCSS in 2010 (para. 8). However, by 2015, only twenty-eight states including
D.C. adopted CCSS and administered either PARCC or SBAC exams. The remaining twenty-two
states did not fully participate in the CCSS initiative.
In 2015, Whitehurst conducted a study to compare the average mathematics scores in 2013
and 2015 for grade levels four and eight. Results indicated that fourth-grade and eighth-grade
students in PARCC or SBAC states performed on average one scale point lower than the remaining
states. Results also revealed that the decline in student performance since 2013 was evident in
most states, regardless of their participation in PARCC or SBAC (Kane, 2015, para. 13).
Therefore, the implementation of CCSS coupled with administration of PARCC or SBAC
assessments were no longer considered as casual factors to the post-2013 decline in students’
mathematics achievement. Researchers such as Heitin (2015) cautioned gullibility to
unsubstantiated speculations. Minnich (2015), executive director of the Council of Chief State
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School Officers, shared similar sentiments: “We need to make sure we don’t overreact to one data
point. We were sure not to do that two years ago when we saw the data uptick.”
Summary
The post-2013 decline of students’ NAEP mathematics achievement scores in the U.S.
invoked nation-wide concern, prompting educational researchers to investigate the cause.
According to the literature in this section, the following factors (or variables) were speculated:
Transitioning to CCSS, frequent testing, changes to demographics, and the availability of advance
math courses.

Considering these variables, studies were conducted to determine possible

causation. However, statistical analysis disproved these variables to be contributing factors to the
post-2013 decline in U.S. mathematics achievement scores.
Instructional Quality in U.S. Middle Schools
Instructional quality has also been considered a contributing factor to the post-2013 decline
in mathematics achievement. Attention was given to constant changes in instructional practices
and tools between 2013 and 2015. Kane (2015) elaborated:
[A] forthcoming report from the Center on Education Policy
Research at Harvard on implementation of the Common Core in five
PARCC and SBAC states, we learned that more than half of
elementary teachers and two-fifths of middle school teachers
reported having changed more than three-quarters of their classroom
instruction. Two-thirds of elementary math teachers report
changing three-quarters or more of their instructional
materials. Nearly half of elementary math teachers and more than
one-third of middle school math teachers reported adopting a new
textbook in 2013-14 or 2014-15. (para. 13)
In efforts to evaluate the quality of mathematics instruction in the U.S., Hill, McGinn, and
Gilbert (2015) from the Center of Education Policy Research at Harvard University conducted a
study to examine the quality of mathematics lessons in the U.S., particularly in the middle grades.
In this study, one hundred, fifty-eight U.S. middle school mathematics teachers from forty-three
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states were randomly selected to participate. In this study, teachers were asked to use a Samsung
Galaxy 4 tablet to video-tape no more than four lessons (Hill, McGinn, & Gilbert, 2015).
Hill, McGinn, and Gilbert (2015) analyzed the video-taped lessons using the Mathematical
Quality of Instruction (MQI) instrument, which provided three domains for instructional
evaluation: 1) Domain 1 - Richness of the Mathematics, which involves “[h]ow mathematical
explanations, representations, language, and generalizations are developed in a lesson [as well as]
the extent to which teacher and students engage in mathematical sense-making”; 2) Domain 2 Working with Students and Mathematics, which concerns how teachers respond to students’
mathematical reasoning; 3) Domain 3 - Common Core-Aligned Student Practice. This domain
involves the extent to which students participate in mathematical reasoning and communication,
including how they engage in cognitively challenging tasks.
Results were as follows: 3,250 lessons were analyzed according to all three domains.
Concerning Domain 1 (richness), only sixty-one percent of lessons had between minimal to strong
presence of content richness. However, the percentage of lessons containing minimal richness in
mathematics content (i.e., 41%) approximately doubled the percentage of lessons ranked moderate
or strong (i.e., 20%) (Hill, McGinn, & Gilbert, 2016).
Concerning Domain 2, seventy-nine percent of all lessons involved working with students.
Of the seventy-nine percent, forty-five percent of the lessons (the majority) revealed that this form
of instructional practice was minimally present, while only three percent of the lessons revealed
that this form of instructional practice was highly present. The remaining thirty percent of lessons
revealed that this instructional approach was moderately present (Hill, McGinn, & Gilbert, 2016).
Concerning Domain 3, fifty-three percent of lessons had student activities aligned with
CCSS. However, in the majority of the lessons (i.e., 36%), activity alignment to CCSS was
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minimally present, while in only two percent of the lessons was activity alignment to CCSS highly
present (Hill, McGinn, & Gilbert, 2016).
Results from this study suggested that although most U.S. middle school teachers did
implement instructional practices promoted by CCSS, there was much room for improving
instructional quality in all three domains (Hill, McGinn, & Gilbert, 2016).
Summary
The study conducted by Hill, McGinn, and Gilbert (2015) revealed that mathematics
instruction in U.S. middle school classrooms demonstrated the presence of all three MQI domains.
Excluding lessons that demonstrated no presence of MQI domains, lesson quality was typically
rated from low to moderate in each category. The majority of these lessons contained minimal
richness in content (Domain 1). Likewise, teachers working with students during class time
(Domain 2) and activity alignment to CCSS (Domain 3) was minimally present. Results indicated
much needed improvement in mathematics instruction for U.S. middle schools. Moreover,
instructional quality was a potential contributor to student achievement, and therefore, is a critical
area to target for further examination, specifically concerning its impact on student learning.
The Link between Curriculum Implementation and Students’ Mathematics Achievement
According to the Institute of Education Sciences (IES, 2013), more evidence-based
research needs to be conducted to improve professional development for teachers concerning best
practices: “Prior studies have examined the relationships between various instructional practices
and student achievement, but uncertainty remains about which practices teachers should use” (p.
1).
While some studies have suggested that there was a positive correlation between the
frequency of teacher-directed, whole-class instruction and higher student achievement (Baker,
20

Gersten, & Lee, 2002; Darch, Carnine, & Gersten, 1984; Hopkins, McGillicuddy-De Lisi, & De
Lisi, 1997; Rittle-Johnson, 2006), other studies have suggested that using mathematical
representations, differentiating instruction, facilitating mathematical discourse amongst students,
and encouraging students to lead instructional routine were positively associated with higher
student achievement (Bransford, Brown, & Cocking, 2000; Fuchs, Fuchs, Phillips, Hamlett, &
Karns, 1995; Hickey, Moore, & Pellegrino, 2001; Muthukrishna & Borkowski, 1995; Slavin &
Karweit, 1985). On the contrary, researchers such as Fuchs, Fuchs, Courey, Hamlett, Sones, and
Hope (2006) have reported a negative association between student-centered practices and lower
student achievement.
A study conducted by Ikemoto, Steele, and Pane (2016) over the course of three
consecutive school years (i.e., 2005 – 2006, 2006 – 2007, and 2007 – 2008) examined the impact
of Carnegie Mellon University’s Cognitive Tutor Geometry curriculum on students’ mathematics
achievement in Baltimore County Public Schools, referred to as BCPS. In this study, eight out of
twenty-five high schools in BCPS participated (Ikemoto, Steele, & Pane, 2016).

Student

demographics consisted of an urban population that was well diverse racially and
socioeconomically, whereby the average enrollment rate of minority students was forty-six percent
and the percentage of students who qualified for free or reduced-price meals was twenty-six
percent (Ikemoto, Steele, & Pane, 2016).
At each of the eight schools, two teachers were assigned to teach two courses of geometry:
One course was guided by the Cognitive Tutor Geometry curriculum (treatment group), whereas
the other geometry course was guided by the BCPS curriculum (control group) (Ikemoto, Steele,
& Pane, 2016). Curricula implementation and instructional practices were monitored three times
a year, and teacher interviews were conducted after each visit. BCPS’ geometry final exam was
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used to measure student achievement in geometry. Statistical analysis controlled for students’
prior performance in mathematics to increase the precision of results. Finally, implementation
practices were analyzed (Ikemoto, Steele, & Pane, 2016).
Results from this study were as follows: The Cognitive Tutor Geometry curriculum had a
negative impact on students’ mathematics achievement (Ikemoto, Steele, & Pane, 2016). The
negative impact on student achievement was attributed to the ineffective implementation of
learner-centered practices: Even though “[f]idelity to Cognitive Tutor materials” received a high
rating and computer lab usage met Carnegie Learning’s guidelines, implementation frequency of
learner-centered practices such as assigning students presentations fell well below what was
prescribed for best results. According to Carnegie Learning, “ . . . students are expected to share
ideas, strategies, and knowledge—in at least four out of every 10 class periods” (Ikemoto, Steele,
& Pane, 2016, p. 2).
The largest difference between the treatment and control classrooms was the extent to
which students were encouraged to collaborate during class time: In treatment classrooms, the
median teacher typically assigned, monitored, and supported collaborative learning approximately
thirty percent to eighty percent of the time (Ikemoto, Steele, & Pane, 2016). In control classrooms,
the median teacher encouraged collaborative learning less than thirty percent of the time (Ikemoto,
Steele, & Pane, 2016). Both treatment and control classrooms failed to meet Carnegie Learning’s
expectation of facilitating collaborative learning eighty percent of the time.
Concerning the relationship between curriculum implementation and students’
mathematics achievement, insufficient sample size provided very limited statistical power for
precise correlations to be detected. Grounded theory analysis (Creswell, 1998; Glaser & Strauss,
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1967) of observation notes was conducted to further explore “whether and how implementation
influenced student achievement” (Ikemoto, Steele, & Pane, 2016, p. 6).
Results from grounded theory analysis were as follows: Notes from repeated observations
over the course of three consecutive school years provided a general sense that during group tasks,
students had a greater tendency to engage in off-task behavior in treatment classrooms than in
control classrooms (i.e., classrooms with primarily teacher-directed instruction) (Ikemoto, Steele,
& Pane, 2016). Teachers’ ineffective implementation of the treatment curriculum appeared to
have limited productive mathematical discourse amongst students, thereby inhibiting students’
ability to fully acquire curriculum learning goals (Ikemoto, Steele, & Pane, 2016). Therefore,
students in treatment classrooms tended to wait for teacher assistance more so than students in
control classrooms (Ikemoto, Steele, & Pane, 2016).
Additionally, the following factors (themes) were examined: “teacher buy‐in,
administrative support, type and intensity of professional development, technological resources
and support, principal and department chair turnover, computer lab type (separate lab vs. in‐
classroom laptops), and the role of teachers’ and students’ prior experience with learner‐centered
instruction” (Ikemoto, Steele, & Pane, 2016, p. 7). These themes were numerically coded for
explanatory correlational analysis between themes and levels of curriculum implementation.
Ikemoto, Steele, and Pane (2016) dismissed many of the themes due to the presence of insufficient
evidence or contradictory evidence.
Concerning instructional tools, teachers received adequate resources to fully implement the
Cognitive Tutor curriculum. However, they lacked knowledge in learner-centered teaching
practices, curriculum experience and did not receive intensive training that would support optimal
benefits from Cognitive Tutor (Ikemoto, Steele, & Pane, 2016).
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Summary
Results from this study supported previous research studies that revealed a significant
correlation between learner-centered instructional practices and students’ mathematics
achievement. Specifically, effective implementation of a learner-centered curriculum correlate
with higher student performance, whereas ineffective implementation of a learner-centered
curriculum correlate with lower student performance (Ikemoto, Steele, & Pane, 2016). This
suggests that curriculum activities alone cannot benefit student achievement without effective
implementation. Therefore, professional training programs are crucial to teacher and student
success in the classroom.
Mathematics Best Practices for Instruction and Technology Implementation
National Council of Teachers of Mathematics (NCTM, 2014) Principles to Actions:
Ensuring Mathematical Success for All established eight mathematical teaching practices that have
proven effectiveness in promoting deep learning of mathematics based on previous research.
These practices align with CCSS and prepare students for post-secondary education and beyond
(NCTM, 2014). NCTM (2014) referred to these practices as high leverage teaching practices,
which are as follows:
1. Establish mathematics goals to focus learning.
2. Implement tasks that promote reasoning and problem solving.
3. Use and connect mathematical representations.
4. Facilitate meaningful mathematical discourse.
5. Pose purposeful questions.
6. Build procedural fluency from conceptual understanding.
7. Support productive struggle in learning mathematics.
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8. Elicit and use evidence of student thinking. (p. 24)
Concerning best practices for technology implementation and student assessment in
mathematics classrooms, NCTM (2014) provided the following framework:
 Focus lessons on specific concept/skills that are standards-based.
 Differentiate instruction through flexible grouping, individualizing lessons, compacting,
using tiered assignments, and varying question levels.
 Ensure that instructional activities are learner-centered and emphasize inquiry/problemsolving.
 Use experience and prior knowledge as a basis for building new knowledge.
 Use cooperative learning strategies and make real life connections.
 Use scaffolding to make connections to concepts, procedures and understanding.
 Ask probing questions which require students to justify their responses.
 Emphasize the development of basic computational skills.
 Ensure assessment strategies are aligned with standards/concepts being taught.
 Utilize student self-monitoring techniques.
 Provide guided practice with feedback.
 Conduct error analyses of student work.
 Utilize both traditional and alternative assessment strategies.
 Ensure the inclusion of diagnostic, formative and summative strategies.
 Increase use of open-ended assessment techniques. (pp. 17 - 18)
The Motivational Premise behind ITS Integration in Education
ITSs are computer programs that are based on merged theoretical principles of cognitive
psychology and AI. According to Charniak and McDermott (1985), AI ". . . is the study of mental
faculties through the use of computational models” (p. 6). The incorporation of AI techniques
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makes it possible for computers to provide means of studying human cognition, which is critical
to the advancement of educational practices. ITSs are considered intelligent because they produce
behaviors that we deem intelligent such as knowing content knowledge (domain knowledge),
having knowledge about the learner (student knowledge), and devising approaches that help the
learner master instructional objectives, namely tutoring knowledge (Shute & Psotka, 1996). The
primary purpose of ITSs in education is to personalize instruction through the incorporation of AI
techniques (Nwana, 1990). Examples of ITSs include SCHOLAR (1970), Geometry Tutor (1985),
Sherlock (1990), and ALEKS (1996).
According to Nwana (1990), there were two primary motivating factors for the
development of ITSs: To inform research and to improve practice. ITSs create data bases that
help cognitive psychologists better understand how learners process information through program
interaction. Data banks that are rich with unique sets of learner outcomes and feedback help
cognitive psychologists formulate “more accurate theories of cognition” (Burns & Capps, 1988).
“There is a consensus on the view that individual tuition, tailored to the needs of the student, is the
most effective form of educational interaction, at least for most domains” (Nwana, 1990, p. 253).
The greatest appeal of ITS integration in education is the possibility of providing one-toone personalized tutoring on a mass scale. ITSs grant teachers instructional flexibility, while
providing students immediate feedback. Theoretically, personalized immediate feedback that
directly addresses learners’ needs is utmost crucial in improving student achievement, making
ITSs the most effective approach to teaching and learning (Nwana, 1990).
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Historical Review of ITS Progression as a Learning Tool
In the history of American education, there have been numerous educational reform
movements, the most recent being the support for personalized instruction (a cognitivist goal). In
support of the cognitivist agenda to personalized teaching, computer programs such as ITSs were
designed to tailor instruction to learners’ needs. However, ITS development is ongoing to improve
its effectiveness on student learning according to our nation’s goals for education.
In the subsequent sections, I will elaborate on the three (3) stages of ITS development,
specifically concerning the nature of ongoing changes and ITS programs or the following decades:
1) ITSs in the 1970s; 2) ITSs in the 1980s; 3) ITSs in the 1990s.
ITSs in the 1970s
Nature of ongoing changes. The field of ITS research and program construction were
remarkably diverse, considering these “systems bore little resemblance to one another” (Shute &
Psotka, 1996, p. 18). However, regardless of the considerable range of ITS diversity at the time,
the initial requirements for ITS design stand as the bedrock of today’s ITS development. Hartley
and Sleeman (1973) established an architecture (or foundation) for ITS design, consisting of three
components: 1) Content domain or expert model; 2) “Knowledge of the learner” or learner model;
3) Teaching methods or tutoring strategies.
ITS Beginnings.

ITS development began with Keller (1968), who advocated for

educational reform, suggesting that we discard the traditional whole group one-size-fits-all
approach to teaching and replace it with computer systems that facilitate personalized instruction
(Vandewaetere & Clarebout, 2014). He introduced the first computer-based model geared towards
personalization, which reflected his ideals of a more effective approach to teaching and learning.
His ITS program was called “personalized system of instruction” (or PSI).
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Instructional

affordances of Keller’s PSI model (1968) are as follows:

1) Instructional modules

composed of small units; 2) Study guides provided to guide the learner; 3) Learn at your own pace;
4) Meet the percentage criteria of 90% to advance to the next unit of instruction; 4) Modules
consisted of a wide variety of learning tasks, ranging from programmed instruction to interviews
and experiments; 5) Assessments ranged from multiple choice items to essays and written reports
(Clark, 2018).
The motivational component of the PSI model was based on behavior theory: 1)
Reinforcement learning theory to encourage mastery learning; 2) Motivational lectures; 3) Bonus
points for timely completion of tests. Challenges concerning PSI facilitation are as follows: 1)
Controlling for the procrastination factor (one of the biggest challenges given that the course was
self-paced); 2) PSI was incapable of administering, grading, and scoring assessments (Clark,
2018).
ITS types that were developed post-Keller’s PSI could be classified as follows: 1) ITSs that
promoted skill-sets (e.g., Problem Generation and Simple Student Modeling); 2) ITSs that
promoted learning through interactive dialog (e.g., Knowledge Representation, Reactive Learning
Environments, Socratic Tutoring); 3) ITSs that promoted learning through strategic thought
processing (e.g., Skills & Strategic Knowledge); 4) ITSs designed to analyze the nature of student
errors such as Buggy Library (Shute & Psotka, 1996).
ITSs such as Problem Generation (PG) targeted the development of learners’ skill-sets and
were the first systems to incorporate ITS elements (i.e., adapting to learner’s knowledge and skill
level real-time). These systems provided the foundation for present-day adaptive learner models.
Simple Student Modeling (SSM) systems used program heuristics to determine what skills should
be taught together with exercises that best support skill development (Shute & Psotka, 1996).
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ITSs that promoted learning through interactive dialog, referred to as Knowledge
Representation systems, engaged learners through dialog by asking questions and addressing
student responses (e.g., Carbonell’s SCHOLAR program). However, one major limitation was its
inability to articulate procedural knowledge. Addressing this limitation was the development of
Socratic Tutoring systems by Carbonell and Collins (1977). These systems could engage learners
in Socratic dialog and guide student reasoning through Socratic questioning (Shute & Psotka,
1996).
Reactive Learning Environments such as SOPHIE I simulated real-world scenarios that
required trouble-shooting and hypothesis testing. However, SOPHIE I was incapable of explaining
detailed solutions that would “make sense” to the learner. SOPHIE II advanced SOPHIE I with
an added virtual expert to provide detailed explanations. SOPHIE III advanced SOPHIE II with
the added capability of addressing insufficient feedback from the learner (Shute & Psotka, 1996).
Skills & Strategic Knowledge systems (SSKs) stimulated students’ strategic thought
processing through games. SSKs required students to devise and execute a strategic plan to win
the game. The “coach” (residing in the background) monitored the learner’s every move and
provided suggestions only when it was absolutely necessary (Shute & Psotka, 1996).
Buggy Library, introduced by Brown and Burton (1978), was designed to analyze the
nature of student errors such as diagnosing “misconceptions underlying procedural errors in
addition and subtraction” (Shute & Psotka, 1996, p. 17). However, this system was incapable of
detecting all possible student errors. Hence, Buggy Library was incapable of addressing all student
errors.
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ITSs in the 1980s
Nature of ongoing changes. Concerning the nature of ongoing changes during the 1980s,
ITS research gained tremendous growth and momentum due to the experimental nature of the field
(Shute & Psotka, 1996). Due to the field’s diversity, there was hardly any systematic uniformity
in ITS construction (Shute & Psotka, 1996). Four (4) major criticisms of ITS development were
addressed by Sleeman (1984) who established the following guidelines to focus research efforts:
1) Criticism 1 – Feedback specificity, ITSs needed to provide sufficient feedback to address
learner misconceptions; 2) Criticism 2 – Non-adaptability, ITSs needed to be capable of
differentiating instruction to meet learner’s needs; 3) Criticism 3 – Atheoretical foundation,
instructional strategies provided by ITSs needed to support cognitive theories and frameworks; 4)
Criticism 4 – Restrictive environment, instructional programs needed to support exploratory
learning (Shute & Psotka, 1996).
With respect to the four major criticisms of ITS development proposed by Sleeman (1984),
ITSs could be classified as follows: 1) ITSs that addressed all criticisms (e.g., Progression of
Mental Models); 2) ITSs that addressed criticisms 1, 2, and 4 (e.g., Simulations); 3) ITSs that
addressed criticisms 2, 3, and 4 (e.g., Discovery Worlds and Case-based Reasoning); 4) ITSs that
addressed criticisms 1, 3, and 4 (e.g., More Buggy-based Systems); 5) ITSs that addressed
criticisms 1, 2, and 3 (e.g., Model-tracing); 6) Language and communication ITS systems such as
Natural Language Processing and Authoring Systems (Shute & Psotka, 1996).
Concerning Criticism 1, ITSs such as Progression of Mental Models produced “higherlevel feedback compared to . . . feedback at the production level” (Shute & Psotka, 1996, p. 22).
Regarding learner adaptability, “systems adapted to a wide range of learner misconceptions”
(Shute & Psotka, 1996, p. 23).

These systems were theoretically grounded in cognitive
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psychology, thus, addressing Criticism 3. Concerning Criticism 4, these systems promoted
“learning, neither completely free nor overly restricted” (Shute & Psotka, 1996, p. 23). An
example of these systems is QUEST.
ITSs such as Simulations provided detailed feedback at various levels, therefore,
addressing Criticism 1. Also, these systems were very sensitive to learner actions, addressing
Criticism 2. However, these systems failed to address Criticism 3 because they did not provide a
solid theoretical foundation. Concerning Criticism 4, these systems provided the learner freedom
to explore and manipulate simulated objects (Shute & Psotka, 1996).
Discovery Worlds and Case-based Reasoning (CBR) ITSs provided environments that
adapted to learners’ needs (addressing Criticism 2), exercises theoretically based on cognitive
frameworks (Criticism 3), and afforded the learner freedom of exploration (Criticism 4). However,
these systems lacked the capability of providing explicit feedback (failing to address Criticism 1).
An example of Discovery Worlds is LOGO (Shute & Psotka, 1996).
More Buggy-Based Systems provided detailed feedback based on learner responses
(addressing Criticism 1 and Criticism 2). They also provided a less restrictive environment than
the “model-tracing” approach, thus, addressing Criticism 4 (Shute & Psotka, 1996). However,
these systems contained a library of student errors that could not be updated, which limited
program adaptation to the learner. Therefore, Criticism 2 was inadequately addressed. Examples
of More Buggy-based Systems are PROUST and PIXIE (Shute & Psotka, 1996).
ITSs such as Model-tracing provided “grain-sized feedback” and could adapt to learner by
providing “low-level personalized remediation” (addressing Criticism 1 and Criticism 2). These
systems also provided a “powerful way to . . . validate cognitive theories,” addressing Criticism 3
(Shute & Psotka, 1996, pp. 19 - 20). However, because these systems were highly structured, they
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were incapable of accommodating ill-structured domains. Examples of Model-tracing systems are
LISP tutor and Geometry tutor (Shute & Psotka, 1996).
Natural Language Processing and Authoring Systems were primarily designed to advance
learner communication. These tutoring systems are completely distinct from the ones previously
mentioned, and therefore, was not evaluated according to the four (4) criticisms. An example of a
Natural Language Processing system was SOPHIE. One powerful graphic authoring system was
created by Towne and Munro in 1992 (Shute & Psotka, 1996).
ITSs in the 1990s
Nature of ongoing changes. The nature of ongoing changes in the 1990s marks the era of
“great debates” (Shute & Psotka, 1996). According to Shute and Psotka (1996), these debates
usually centered around four major topics characterized as follows:
•

Topic 1. How much learner control should be allowed in systems?

•

Topic 2. Should learners interact with ITS individually or collaboratively?

•

Topic 3. Is learning situated, unique, and ongoing, or symbolic and does it follow an
information-processing model?

•

Topic 4. Does virtual reality (VR) uniquely contribute to learning beyond CAI, ITS, or
even multi-media? (p. 32)
The first hot issue in the Great Debates concerned learner control (Shute & Psotka, 1996).

Some educational researchers argued that discovery learning is the best approach to learning
(Bruner, 1961), whereas others argued that learning is best nurtured through structure and guidance
(Ausubel, 1963). In 1992, Merrill, Reiser, and Ramney studied how human tutors balanced learner
control and discovered that there is a “delicate balance” between allowing students greater freedom
during the instructional process and giving students guidance (Shute & Psotka, 1996). In addition,
the degree of freedom to which was afforded to learners depended upon instructional objectives or
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desired learning outcomes. If learning objectives targeted the development of skills, direct
instruction and procedural guidance should be provided. However, if learning objectives targeted
the conceptual development of content principles, exploratory learning would be more appropriate.
Most importantly, one must always keep in mind that learner control should never be fixed, but
rather, evolve according to the needs of the learner. During this time, ITSs were developed to
increase learner control. ITS developments promoting the increase of learner control are as
follows: 1) Bi-modus learning environments—systems that promoted self-reliance or learner
independence; 2) Coached practice environments—systems that provided apprenticeship training,
supporting the theoretical premise of learning by doing.

Moreover, Coached practice

environments supported individual or collaborative learning (Shute & Psotka, 1996).
The second hot issue in the Great Debates concerned the implementation of individualized
learning versus collaboration. The question was which pedagogical approach was more effective
in student learning.
Originally, ITSs supported individualized learning. During the 1990s, there has been a
remarkable shift from individualized instruction to collaborative learning. Collaboration involves
the sharing of ideas among individuals.

The implementation of collaborative learning

environments was done in two (2) ways: 1) “Small groups using one computer,” whereby the ITS
had to provide a “joint problem-solving space” that could introduce concepts and accept student
responses, monitor the interactive process for divergences, and maintain a fluid progression of the
collaborative process; 2) “Assigning the computer as the learner’s partner,” whereby the ITS
system serves as a collaborator (Shute & Psotka, 1996, p. 29). An example of the second approach
is an intelligent education system (IES) proposed by Cummings and Self (1989).
The third hot issue in the Great Debates concerned whether situated learning is more
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effective than information processing or vice versa. Situated learning (or situated cognition) is
based on the belief that learning is social, and therefore, cannot be isolated from situational context
or environmental surroundings. Knowledge is constructed from within and is linked to the types
of activities one engages together with the environment within which situations took place. This
theoretical framework supports the goals of discovery learning (Shute & Psotka, 1996).
The competing paradigm, information processing, views “learning as a progression from
declarative knowledge, to procedural skills, to automatic skills” (Shute & Psotka, 1996, p. 30). As
it relates to ITSs, programs must be able to analyze the learner’s initial knowledge, determine
desired outcomes, and present problems that will advance the learner to the desired state. What
works to the advantage of information processing is the decades of research regarding program
evaluations, whereas proponents of situated learning did not have any evidence to support their
hypothesis at the time (Shute & Psotka, 1996).
The fourth hot issue in the Great Debates concerned the impact of Virtual Reality (VR) on
student learning (Shute & Psotka, 1996). VR, referred to as “the immersion experience,” consists
of a collection of technologies that simulate three-dimensional environments (Shute & Psotka,
1996). The question was whether or not a simulated three-dimensional “world” can actually
change learners’ perceptions, and if so, in what ways. The answer to that question became
unquestionably apparent; experiments conducted concerning the impact of VR on student learning
have supported its success as a learning tool. In fact, VR was deemed the epitome of experiential
learning (Shute & Psotka, 1996). According to Regian, Shebilske, and Monk (1993), ITSs that
provided field training through VR technologies have been effective in helping trainees transfer
knowledge and skill acquired in VR to real-world situations. Even though some researchers
begged to differ (Kozak, Hancock, Arthur, & Chrysler, 1993), there exists some substantial
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evidence supporting its efficacy.
Summary
ITSs have progressed from supporting only applications of cognitive theory such as
procedural learning to expanding its support to other theoretical paradigms such as situated
cognition (i.e., learning through situational context) and immersive learning (i.e., learning through
simulated environments). Although ITSs were originally designed to solely provide personalized
instruction, some systems can now facilitate collaborative learning tasks. In spite of accomplishing
these critical milestones, the field of ITS is still far from reaching all of its ideals to support student
learning. In the following section, I will expound upon the benefits and challenges of present day
ITSs.
Present-day Benefits and Challenges of ITS in K – 12 Education
In this section, I will elaborate on the benefits and challenges of ITS uses in education,
specifically addressing the following:

1) Technically-related aspects of ITS advancement

(specifically, ITS learner models and learner modeling); 2) Professional development aspects of
ITS uses in Education (i.e., educational data mining techniques and instructional affordances of
recent ITS programs).
ITS Learner Model Construction and Development
During the first phase of ITS development, computer learner models primarily based
instruction to address pre-assessment measures of the learner. Construction of these models
reflected the theoretical premise that human intelligence is fixed. As a result, a static approach to
personalization was provided.
Since the 1970’s, educational researchers became aware that a critical component essential
to advancing program adaptation to learner was a program’s ability to construct a learner model
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that precisely reflects the evolving knowledge state of the learner. Given that human intelligence
is not fixed but can evolve over time led to the development of learning models that executed a
dynamic approach instead. Implementation of the dynamic approach allowed adaptive programs
to adjust their learner model on a continuum to precisely reflect the knowledge state of the learner
throughout the educational process.

This technological advancement marks the distinction

between early to more recent ITS systems (Vandewaetere & Clarebout, 2014).
Currently, ITS learner models operate in two (2) ways: First, they represent cognitive
processes (e.g., retrieve information and perform calculations), meta-cognitive strategies (i.e.,
learning from misconceptions), and the psychological state of the learner (e.g., personal interests,
learning style(s), and learner’s affective states). Second, they maintain information concerning the
progression of student knowledge, skills, cognitive processes, learner preferences, and
performance assessments. With the use of AI techniques, dynamic learner models can produce
valuable data for personalizing instruction by using two techniques: 1) Recognize patterns in
student responses as well as identify personal characteristics about the learner such as behavior.
Pattern recognition of students’ affective states are integrated into the learner model to adapt
tutoring methods; 2) Predict the responses of the learner such as errors or misconceptions and
devise learning paths based on prediction (Beck, Jia, Sison, & Mostow, 2003; Beck & Woolf,
2000).
Student performance data resulting from program adaptation can provide a wide range of
personalized data that can help teachers more effectively and efficiently provide content
remediation, whether it is one-to-one or small group (Vandewaetere & Clarebout, 2014). The
learner model can detect students’ affective states such as boredom & frustration by recognizing
decreased task performance. Learner models can also detect positive states such as motivation and
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perseverance, which typically results in increased task performance. From this, ITSs determine
whether to increase or decrease the challenge.
While ITS learner models are considered a great start to personalization, they have not been
able to acquire full representation of learners’ cognitive and affective states (Vandewaetere &
Clarebout, 2014). Additionally, there is remarkable diversity in learner modeling; most are
customized to suit specific domains, and therefore, cross-comparisons of those models have not
been conducted. Moreover, some researchers believe that the role of the learner model should be
reconsidered to not only serve as a reflection piece for teachers but also a self-reflection piece for
learners. The challenge then becomes making the learner model make sense to the learner for selfassessment and self-reflection purposes.
Professional Development Aspects of ITS and Educational Data Mining Integration
Educational data mining (EDM) is a relatively recent field in the advancement of adaptive
learning (Vandewaetere & Clarebout, 2014). EDM involves the exploration of “unique types” of
student data with specific ties to educational settings (Vandewaetere & Clarebout, 2014). The
purpose is to better understand each and every learner within the context of their social
environment.

EDM Techniques are as follows:

1) Prediction—the process of identifying

important variables to predict student outcomes; 2) Clustering—a statistical approach in detecting
commonalities such as the commonality of individuals within schools or between schools; 3)
Relationship mining—a statistical approach in determining the association between variables of
interest; 4) Discovery with models—a process that involves the validation of preceding models to
serve as input for other analyses.
The incorporation of EDM techniques into ITS learner models is a key component that
contributed to the advancement of technological personalization.
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EDM techniques provide

researchers “higher level models about learner characteristics and learner behavior” such as
gaming the system (Baker, Xie, Mojarad, et al., 2017, p. 3). Gaming the system involves a learner’s
misuse of program resources in order to advance in the program without making any effort to learn
the content. With the integration of EDM, ITS learner models are more capable of program
adaptation through the detection of behaviors, motivation and emotions associated with gaming
the system (Vandewaetere & Clarebout, 2014). With the capability of detecting the affective states
of learners, ITSs can address those behaviors through student-program interaction. A major
benefit of EDM is that it has provided web-based data reservoirs that contain a plethora of
individualized information that is ecologically valid, feasible and easily accessible, which provides
means for cross-sectional and longitudinal studies.
A major challenge with EDM is making data mining tools accessible to educators as well
as to nonexperts such as students and parents (Vandewaetere & Clarebout, 2014). Beyond the
challenge of data accessibility is to help nonexperts “make sense” of data analytics to advance
personal growth. Concerning instructional practices, not all EDM techniques can be applied
effectively because some of the elements involved in this practice requires the development of new
techniques. In essence, “much more specialized work” is needed for its maturity (Romero &
Ventura, 2007).
The ALEKS Program
The ALEKS program is a web-based ITS that utilizes artificial intelligence (AI) techniques
to personalize instruction (ALEKS, 2018). The AI techniques ALEKS uses is based upon the
theoretical principles of Knowledge Space Theory, referred to as KST (ALEKS, 2018). In basic
terms, KST is based on the premise that every knowledge domain can be represented by a set of
problems within that domain (Craig, Hu, Graesser, et al., 2013).
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The ALEKS program offers curriculum products for K – 12+ mathematics education. Each
curriculum encompasses a broad set of content domains, each of which is decomposed into
subtopics and linked to a vast array of items and representations specifically designed to describe
an individual's current knowledge state and gauge his/her readiness for new content (Craig, Hu,
Graesser, et al., 2013). Application of KST enables the ALEKS program to precisely adapt
instruction and activities to meet learner’s needs based upon learner’s responses (ALEKS, 2018).
Specifically, learning is determined by how well a learner solves exercises, which is based on a
cognitive perspective (Maciuszek, 2018). Student knowledge is not reified as a static quantity but
is assessed along a continuum towards concept mastery (ALEKS, 2018). From each assessment,
ALEKS determines problem sets best suited for the learner based on its student model of their
current knowledge. What makes the ALEKS program unique to other ITS programs is that it is
the only commercial ITS program that is based on the application of KST (Maciuszek, 2018).
In the subsequent sections, I will analyze the learning orientations of ALEKS’ middle
school curricula with respect to the three critical learning goals for education: skill, knowledge,
dispositions (Council for the Accreditation of Educator Preparation [CAEP], 2016).
How ALEKS Nurtures Learning
ALEKS’ Orientation to Skill-based Learning
Skill-based learning stems from the Behavioral School of Thought (Cruickshank, Jenkins,
& Metcalf, 2012). Some assumptions of behavior theory are as follows: 1) Student learning is
exemplified through skill mastery; 2) Skills are acquired through repetitive practice; 3) When skills
are acquired, the learner should be rewarded as means for encouraging or reinforcing desired
behavior (Cruickshank, Jenkins, & Metcalf, 2012). Behavioral approaches to learning are as
follows: 1) Rote learning, which aims to support student’s memory retention of knowledge/facts
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through repetitive practice; 2) Mastery learning, which provides students the opportunity to learn
at their own pace. However, immediate assistance and/or correction is provided to slow achievers
to keep them in better step with faster achievers; 3) Precision teaching, which engages learners in
repetitive practice until they master facts/skills with high fluency and precision (Cruickshank,
Jenkins, & Metcalf, 2012).
Rote learning. “ALEKS . . . helps practise abstract mathematical knowledge at a wide
range of levels” (Maciuszek, 2018, p. 1). Practicing word problem types is repetitious, with the
purpose of aiding memory retention. Concerning this aspect, ALEKS executes the behavioral
perspective of learning by generating problem-type repetition to support memory retention of
learned content. In fact, ALEKS facilitates repeated practice to all problem levels, which indicates
that ALEKS does not solely restrict repetitive practice to numerical computation problems
(Maciuszek, 2018).
Mastery learning. ALEKS allows students to learn at their own pace, while guiding them
throughout the whole learning process (Maciuszek, 2018).

ALEKS guides the learner by

presenting content in a similar fashion that is liken unto traditional school instruction, in that it
provides the learner solutions (i.e., hints and/or detailed explanations of the solution) readily
accessible for each exercise (Maciuszek, 2018).

The user may continue to access these

hints/explanations until they no longer need them. An example of this approach is shown in Figure
2.1 below.

Figure 2.1. Snapshot of ALEKS’ Problem Guidance Interface
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Precision teaching. ALEKS offers a multitude of exercises for each problem-type. “The
student must have successfully completed several of those exercises in a row and without help”
before ALEKS adds the item to its learner knowledge model (Maciuszek, 2018, p. 2). In addition,
ALEKS sometimes implements strategies to promote desired behaviors (a behavioral approach)
by indicating to the learner that if they accomplish a particular objective, they would be rewarded
with something. For example, a typical comment that ALEKS may state to a learner is “if you
answer correctly two more times, I will add this item to your knowledge state” (Maciuszek, 2018,
p. 3).
ALEKS’ Orientation to Knowledge Construction
Knowledge construction (i.e., information processing) stems from the Cognitive School of
Thought (Cruickshank, Jenkins, & Metcalf, 2012). Assumptions of cognitive theory are as
follows: 1) Knowledge is constructed; 2) Learning occurs through the retrieval and processing of
information before it is stored. Stored information is then retrieved and applied when needed
(Cruickshank, Jenkins, & Metcalf, 2012).

Cognitive approaches to learning are as follows: 1)

Cognitive construction and memory retention. New information must be connected to prior
knowledge.

Lessons should incorporate students’ needs in order to make their learning

experiences as pleasant as possible. Additionally, there should be activity changes throughout the
lesson; 2) Meaningful Learning. Information must be organized in a structured manner for
application such as information scaffolding via problem solving tasks (Cruickshank, Jenkins, &
Metcalf, 2012). In the following paragraphs, I will analyze the learning orientation of the ALEKS
program with respect to cognitive approaches to teaching and learning.
Cognitive construction and memory retention. ALEKS addresses this construct because
it determines student’s cognitive needs according to its pre-assessment as well as ongoing
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assessment measures. ALEKS considers the following types of knowledge in order to customize
a learning path that precisely adapts to learner’s needs: 1) A student’s initial knowledge, that is,
the knowledge a learner possesses prior to program use. ALEKS constructs a student model that
reflects the level of competency concerning a particular topic; 2) ALEKS’ domain knowledge, that
is, mathematical content knowledge that is embedded into the program; 3) Student learning gains,
that is, the amount of knowledge the student acquires during program use, which is factored into
the learner model on a continuum (Maciuszek, 2018).
Meaningful learning. ALEKS implements a problem-solving approach to learning,
which stems from the Cognitive School of Thought: “All lessons involve the practical solving of
exercises” (Ohlsson, 1995). In fact, it appears that “learning-by-doing” (Dewey, 1938) is the main
principle (Maciuszek, 2018). In other words, ALEKS’ instructional programs are problemcentered because they are based on the theoretical principle of learning-by-doing to develop
students’ problem solving skills.

The “learning by doing” theory supports the cognitive

perspective of learning upon the basis that learning takes place when students’ thought processes
are engaged as they work through problems.
ALEKS makes adjustments according to the learning progression of an individual. The
way in which ALEKS scaffolds levels of content complexity is the “bottom-up” approach
(Maciuszek, 2018). Student learning gains are measured by how well a learner correctly solves
each problem (Maciuszek, 2018). Students must demonstrate mastery of lower-level concepts
prior to receiving more complexed exercises. Systematic progressions throughout the learning
process are very gradual. For example, students must master problem-types a, b, and c prior to
being challenged with problem-type d (ALEKS, 2018).

42

ALEKS’ Orientation to Dispositions
Learning dispositions stem from the Humanistic School of Thought.

Humanistic

assumptions of teaching and learning are as follows: 1) Learning improves when the classroom
environment is made to fit learner’s ideals and preferences; 2) Learning should be “individualized
and personalized, self-directed, given latitude to learn what they are personally interested in and
how they wish to learn” (Cruickshank, Jenkins, & Metcalf, 2012, pp. 106 – 107). In other words,
students should regulate their own learning pace as well as take sole responsibility of their progress
(Cruickshank, Jenkins, & Metcalf, 2012); 3) Student attitudes are just as important as knowledge
acquisition because students learn best when they are self-confident and feel good about what they
are doing (Cruickshank, Jenkins, & Metcalf, 2012).
Humanistic approaches to teaching and learning are as follows: 1) Cooperative learning;
2) Values clarification. An approach where learners express their feelings or beliefs about a topic;
3) Multiethnic Education. Practices that encourage one’s reflection of their personal identity (i.e.,
culture, ideas, and etcetera) as well as become acquainted with the diversity of others; 4) Moral
Education. Referred to as character education, students are encouraged to develop positive and
productive dispositions as well as take sole responsibility for their own learning by holding
themselves solely accountable for their learning progress (Cruickshank, Jenkins, & Metcalf, 2012).
In the proceeding sections, I will analyze the learning orientation of the ALEKS program with
respect to humanistic approaches to teaching and learning.
Cooperative learning. According to Maciuszek (2018), ALEKS is designed to provide
one-to-one personalized instruction. Personalized support and self-monitoring personal progress
is the primary goal of ALEKS (Maciuszek, 2018). ALEKS (2019) provides instructions specific
to parents, teachers, and students, illustrating how to use a variety of self-monitoring tools in order
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to maximize program benefits. Tools for self-monitoring learning progress are as follows:
ALEKS Pie (depicts students’ overall performance per mathematical domain), ALEKS Pie Detail
(informs student performance per topic), ALEKS Timeline (illustrates student progress over time),
This Week’s Activity (program dashboard that comprises six reports illustrating a general caption
of students’ weekly performance, including suggestions for continued progress), Time and Topic
Report (illustrates the amount of time students spent on ALEKS, including student responses for
each problem), and Progress History (illustrates Topics Learned, Hours in ALEKS, and Topics
Learned per Hour since previous Progress Knowledge Check) (ALEKS, 2019). Illustration of
each report is shown in Figures 2.2 – 2.5 (ALEKS, 2019).

Figure 2.2. Snapshot of ALEKS’ Pie Chart

Figure 2.3. Snapshot of ALEKS’ Timeline
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Figure 2.4. Snapshot of ALEKS’ Time and Topic Report

Figure 2.5. Snapshot of ALEKS’ Progress History
Values clarification. Does ALEKS provide means for a learner to express his/her feelings,
preferences, or self-efficacy concerning a particular topic? Prior to the start of an ALEKS
curriculum, students are required to provide a self-assessment rating, ranging from beginning to
expert (Maciuszek, 2018). ALEKS factors this input into its learner model along with other
personal information prior to customizing what ALEKS (2018) refers to as learning paths. In
addition, ALEKS (2019) provides learners the opportunity to choose between several learning
paths or domain prescriptions, as shown in Figure 2.6.
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Figure 2.6. Snapshot of ALEKS’ Personalized Learning Paths
Multiethnic Education. Does ALEKS encourage one to reflect on their personal identity
or culture and ideas? All lessons are presented with practical applications but are written in
culturally-neutral context: ALEKS “covers knowledge about the world neither perceivable nor
related to personal experience” (Tulving, 1985). In other words, knowledge within the content
domain is primarily presented through a cognitive perspective of learning rather than through a
social perspective (Maciuszek, 2018). This also indicates that the focus is to help students make
sense of mathematical constructs without relating the mathematics to their personal experience.
Moral Education. According to Vandewaetere and Clarebout (2014), “In order for
personalized instruction to be effective, [ITS learner] models must be able to precisely reflect
students’ current knowledge, affective states, and behavior” (p. 425). Affective states include
students’ self-assessment of their level of content competency (Vandewaetere & Clarebout, 2014).
ALEK addresses the affective states of learners in at least three (3) ways: First, ALEKS
requires students to rate how they feel about their ability to do mathematics during the diagnostic
assessment phase (ALEKS, 2018). Second, ALEKS encourages self-accountability by presenting
to students a representation of their mathematical knowledge in the form of a pie chart. Student
knowledge pie charts reflect the progression of student learning on a continuum. This provides
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means for students to monitor their progress towards content mastery. Knowing this may serve as
a motivation factor for students who are academically motivated. An example of a student
knowledge pie chart is shown in Figure 2.7.

Figure 2.7. Snapshot of ALEKS’ Student Mastery Pie Chart
Third, ALEKS records student behavior with respect to how they interact with the program
when they input incorrect answers. For example, does the student engage in gaming the system
behavior? Gaming the system involves the student’s attempt to con ALEKS into providing the
correct solutions without actually learning the content. ALEKS can detect whenever a student is
trying to game the system by simply recognizing the speed and pattern of incorrect responses.
When such exploitative behavior is detected, it puts into place interventions that nurture the
disposition of perseverance through problem solving. One intervention is prompting the learner
to access its available resources such as hints and instructional videos. Another intervention
mechanism that is more implicit is that the learner is not allowed to move on to the next level until
they have demonstrated content mastery without making consecutive errors (Maciuszek, 2018).
Both intervention strategies are designed to instill within the learner more productive dispositions
throughout the learning process.
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It is worth noting that none of ALEKS’ question formats are multi-choice (e.g., Figure 2.8).
This is another intervention tool ALEKS uses to promote the disposition of working through each
and every problem.

Figure 2.8. Snapshot of a ALEKS Problem-type
Summary
The ALEKS program is an ITS that utilizes KST to precisely adapt instruction and
activities to meet learner’s needs. Concerning instructional approaches, ALEKS utilizes principles
from the three most influential Schools of Thought (i.e. Behaviorism, Cognitivism, and
Humanistic). First, ALEKS obtains the initial knowledge and skill level of the learner by
administering a diagnostic assessment. The program then scaffolds content by presenting lowerlevel concepts prior to more complexed exercises (a cognitive approach to teaching and learning).
Systematic progressions throughout the learning process are very gradual together with periodic
Knowledge Checks.
Students are allowed to move at their own learning pace, while being guided throughout
the learning process (a behavioral approach to teaching and learning).
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ALEKS attends to

mathematics skill development via Quick Tables and utilizes problem repetition for content
mastery, both of which are behavioral approaches to learning. Once a student demonstrates
mastery of a particular topic, ALEKS adds that topic to its learner model. ALEKS continuously
updates its learner model to reflect students’ knowledge state prior to presenting ready to learn
topics.
ALEKS primarily nurtures the disposition of independent learning together with selfmonitoring one’s learning progress. Although ALEKS addresses learners’ affective states, it is
not entirely game proof without expert monitoring and intervention. Students’ affective states
such as attitude, behavior, and motivation plays a critical role in maximizing the potential benefits
of ALEKS on student learning.
ALEKS Curricula Alignment with CCSS
According to ALEKS (2019), its K - 12 mathematics curricula aligns with CCSS as well
as state standards from all fifty U.S. states. ALEKS (2019) claims that its curricula for K – 12
mathematics will prepare students to be college and career ready.
Regarding DISTRICT’s eighth-grade population during the 2017 – 2018 academic school
year, ALEKS RtI 8 (i.e., Response to Intervention for grade 8 mathematics) and Middle School
Math Course 3 curricula were implemented. ALEKS RtI 8 curriculum correlates with CCSS
(2010) for grade levels three through eight (ALEKS, 2017). ALEKS Middle School Math Course
3 curriculum correlates with CCSS (2010) for eighth-grade (ALEKS, 2017).
ALEKS’ RtI Framework for Students’ Ability Level in Mathematics
According to ALEKS (2019) RtI framework illustrated in Figure 2.9, students are
categorized into three tiers, which are as follows: Tier 3 students are at least one grade level behind
their peers and require intensive intervention. Tier 2 students also “lag well behind their peers,”
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requiring intensive assistance but not as much as Tier 3 students. Tier 1 students perform on or
above grade level and are “least likely to fall behind or need intervention” (p. 1).

Figure 2.9. Characteristics of Tier 1, Tier 2, and Tier 3 Students
Instructional Approaches for Accommodating Tier 1, Tier 2, and Tier 3 Students
According to ALEKS (2019), Tier 1 students should be enrolled in their respective ALEKS
grade level courses. Tier 1 students typically require minimal assistance from their mathematics
instructor and minimal practice of prerequisite knowledge and skills. Therefore, Tier 1 students
should primarily work through their ALEKS grade level curriculum with minimal practice of
ALEKS Quick Tables, which reinforces prerequisite knowledge and skill fluency of basic math
facts (ALEKS, 2019). Recommended ALEKS usage is two to three hours per week (ALEKS,
2019).
Tier 2 students should be enrolled in ALEKS RtI courses respective to their grade level.
ALEKS should be implemented on a daily basis for at least five hours a week as instructional
intervention.

ALEKS (2019) recommends that intervention for Tier 2 students should be

conducted in a lab or in a classroom setting and should always be monitored under adult
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supervision. It is also recommended that Tier 2 students consistently practice ALEKS Quick
Tables on a regular basis to develop fluency in basic mathematics facts. Once student mastery of
basic mathematics facts has been achieved, QuickTables should only be practiced as needed
(ALEKS, 2019). If this instructional approach is implemented with fidelity, ALEKS (2019) claims
that Tier 2 students will eventually perform on par with their Tier I classmates.
Tier 3 students should be enrolled in ALEKS MS RtI Tier 3 curriculum and should receive
“persistent, individual attention” from their mathematics instructor (ALEKS, 2019, p. 1). Quick
Tables serves a critical role in developing students’ mathematics fluency, and therefore, should be
assigned regularly and often. Recommended ALEKS usage for Tier 3 students is three to five
hours per week (ALEKS, 2019). Additionally, teachers, teachers’ aides, and parents should use
ALEKS’ automated reports of students’ learning progress to tailor instructional intervention to
learners’ needs. If these recommendations are implemented with fidelity, Tier 3 students will
eventually progress to the Tier 2 level (ALEKS, 2019).
Intended Use of the ALEKS Program
According to ALEKS (2017) Teaching with ALEKS for K – 12 Education, the ALEKS
program has many uses. It can be implemented in a variety of ways and in a variety of settings.
Concerning population demographics, the ALEKS program is designed to accommodate students
enrolled in mathematics remediation, Regular Education, Gifted and Talented, Special Education,
and ESL (ALEKS, 2017). Additionally, ALEKS is suitable for the following settings: Computer
labs, classrooms, home access, after-school tutorial, summer school, credit recovery, including
other settings conducive for self-paced learning such as the library (ALEKS, 2017). Please note
that ALEKS implementation after-school or during summer school can reflect intended practices
for computer lab or classroom settings.
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Mathematics labs. According to ALEKS (2017), mathematics labs should be structured
and regularly scheduled. ALEKS sessions should be supervised, and students should be provided
with direct assistance as needed.

Students working independently on ALEKS is strongly

encouraged because previous research has indicated that independent work will improve students’
mathematics achievement on formative and summative assessments (ALEKS, 2017). In fact, the
ALEKS corporation (2017) reported that there is a positive correlation between the increased
amount of time students worked independently on ALEKS and improvement in their
understanding of classroom lectures (ALEKS, 2017).
Classroom use. Mathematics courses may incorporate a supervised mathematics lab
component, which may be integrated into a conventional and lecture-style class (ALEKS, 2017).
Lesson structures should be organized with the ALEKS lab component routinely scheduled
(ALEKS, 2017). Regarding instructional objectives, it is not necessary for the instructor to align
the sequence of ALEKS topics with topics covered in class (ALEKS, 2017). However, ALEKS
(2017) recommends that students work on ALEKS for at least two hours a week in order to
experience program benefits. Although ALEKS does not teach to test, research has shown a
dramatic improvement in students’ mathematics achievement on summative assessments when
students worked on ALEKS over a significant period of time (ALEKS, 2017).
Small-group instruction. The instructor should utilize detailed analysis of each individual
learner to tailor instruction according to the skill level of the learner (ALEKS, 2017). One can
access detailed analysis of student progress on ALEKS Class Report page. Recommended
practices for small-group instruction can also be implemented for one-to-one tutoring.
Self-paced learning. Students may use the school computer lab to work independently on
ALEKS; however, students should be informally supervised. Moreover, the instructor should be
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available to provide students consultation as needed (ALEKS, 2017).
ALEKS home use. ALEKS (2015) Encourage Your Child’s Math Learning at Home
document established practices for ALEKS home use. Recommended practices are as follows: 1)
Work through every problem using pencil and paper. Do not use a calculator unless a calculator
is provided within the program for a specific problem. 2) Do not seek assistance from external
sources (e.g., family members or the Internet).

Working through problems independently

maximizes program benefits. 3) Use program tools such as the dictionary of math terms (under
the Main Menu) or the “Explanation” button for step-by-step solutions to problems. 4) “Set a
regular work schedule.” For example, the number of days to spend on ALEKS per week and the
amount of time (in hours) per day. 5) Parents are encouraged to offer their children rewards to
increase motivation of program use (pp. 1 – 2).
Grading practices. According to ALEKS (2017) Teaching with ALEKS for K – 12
Education manual, the main factor that has been contributing to student success on ALEKS was
the amount of time per week that students spent on ALEKS (ALEKS, 2017). Therefore, ALEKS
(2017) deemed it very important to integrate students’ ALEKS usage into the grading scheme of
the course and recommended that students spend at least three hours per week on ALEKS. ALEKS
(2017) Grading & Motivation in ALEKS handout stated that points can be assigned according to
the proportional amount of time students spent on ALEKS one particular week to the required
amount of ALEKS time for that week. This proportion can be converted to a percent, and from a
percent, to points on a ten-point scale (ALEKS, 2019). For example, Student A was instructed to
work two hours (120 minutes) on ALEKS the third week of school; however, Student A only
worked one and a half hours (90 minutes) that week. As a proportion, Student A spent ninety
minutes on ALEKS out of the required one hundred, twenty minutes for that week. As a percent,
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Student A fulfilled only seventy-five percent of the required time on ALEKS for Week 3.
Converting seventy-five percent to points on a ten-point scale, Student A should receive seven and
a half points for ALEKS hours in the gradebook for Week 3.
ALEKS (2017) emphasized the importance of not carrying over the deficit or surplus of
hours into the next grading period. “[T]he next week [should begin] with a clean slate” (ALEKS,
2017, p. 4). ALEKS (2017) also advised to reward students each week to discourage end-of-week
procrastination. Rewards should be given for ALEKS consistency as well as for the fulfillment of
required time on ALEKS.
How ALEKS Aligns with NCTM Best Practices and Best Practices for Technology
Integration
NCTM’s (2014) best practices for mathematics instruction are as follows:
1. Focus lessons on specific concept/skills that are standards-based.
2. Differentiate instruction through flexible grouping, individualizing lessons, compacting,
using tiered assignments, and varying question levels.
3. Ensure that instructional activities are learner-centered and emphasize inquiry/problemsolving.
4. Use experience and prior knowledge as a basis for building new knowledge.
5. Use cooperative learning strategies and make real life connections.
6. Use scaffolding to make connections to concepts, procedures and understanding.
7. Ask probing questions which require students to justify their responses.
8. Emphasize the development of basic computational skills (p. 17).
According to ALEKS (2019), the program framework addresses numbers 1 (via lesson
topics aligned with CCSS), 3 (via personalized Learning Paths and problem types), 4 (via
diagnostic assessment and ongoing Knowledge Checks), 6 (via KST), and 8 (via QuickTables).
NCTM’s (2014) remaining best practices for mathematics instruction can be facilitated by
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teachers’ choice of program implementation: Specifically small group or one-to-one intervention.
The Effects of ALEKS on Student Learning
Numerous studies have been conducted concerning the impact of the ALEKS program on
students’ mathematics achievement. Results from these studies have been mixed regarding
program effectiveness and best practices for program implementation.
Big Bear Middle School (2010) in Big Bear Lake, CA participated in a three-year study to
determine whether or not there is a significant advantage to ALEKS-led classrooms compared to
traditional “lecture and practice” classrooms (p. 1). Big Bear Middle School (2008 - 2011) served
and followed the achievement of two hundred ninety-one eighth grade students. Beginning the
2008 academic school year, each student was randomly assigned to a teacher-led classroom or to
an ALEKS-led classroom. The control group learned via traditional lecture and practice. The
experiment group worked on ALEKS ninety percent of class time. Students’ mathematics
achievement was measured by General Math California Standards Test or CST (ALEKS, 2012).
Results. Concerning the five proficiency categories on the General Math CST (i.e., Far
Below Basic, Below Basic, Basic, Proficient, and Advanced), students in ALEKS-led classrooms
were much more likely to move up at least one achievement level and were much less likely to fall
by one or more achievement levels than students in the control group. Additionally, there was a
significantly high correlation (r = 0.72) between student mastery of the ALEKS curriculum and
their performance on the CST, which suggests that ALEKS standards align with CCSS and could
serve as a good predictor of students’ mathematics achievement on General Math CST.
Another study was conducted by the Oak Creek-Franklin School District (2017). Oak
Creek-Franklin School District, located in Milwaukee, Wisconsin, served a population of 6,400
students. More than half of the student population (2017) were in grade levels 6 – 12. Ms. Bennin
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(2017), principal of East Middle School, indicated that during this four-year study, district leaders
provided teachers ten months of intensive training in ALEKS implementation, specifically the
eighty-minute workshop model. The first thirty minutes was allotted for ALEKS worktime, and
the remaining fifty-minutes of class time was devoted to small group personalized instruction and
teacher-student conferences.

Student performance was measured by Wisconsin Student

Assessment System (WSAS, 2017).
Results. There was a significant increase in student performance on benchmark exams.
According to John Marzion, “[Oak Creek] middle school students [out-]performed . . . the high
school students on the high school midterm and final exam . . . all of the credit [is given] to the
teachers for embracing ALEKS. The more they gave up control, the more engaged the kids
became” (p. 3). Ms. Johnsen added, “You have to be patient when using a program like ALEKS.
We have continually changed the way we use it, because there is no right or wrong way. ALEKS
is not the answer; it is a tool.” In essence, implementation is key. The way in which the program
is implemented makes all the difference. John Marzion stated that " most effective use of the
program involved longer class periods during which ALEKS was combined with small group
instruction." Oak Creek-Franklin School District is still modifying instructional approaches to
improve student learning gains.
On the contrary, two studies conducted by Craig, Hu, Graesser, et al. (2013) revealed
different results concerning the impact of ALEKS on student learning. In both studies, student
volunteers were randomly assigned to either a teacher-led classroom or an ALEKS-led classroom
with their instructor present. Findings from both studies were similar: Although there was a strong
positive correlation between students’ ALEKS performance and students’ mathematics
performance on the Tennessee Comprehensive Assessment Program exam (TCAP), there was no
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significant difference in students’ TCAP performance in ALEKS-led classrooms compared to
teacher-led classrooms. Both programs were equally effective (Craig, Hu, Graesser, et al., 2013).
Results from this study in addition to previous studies suggested the need for continued research
in classroom implementation practices and are considering alternative settings such as after-school
implementation to improve program effectiveness on student achievement (Craig, Hu, Graesser,
et al., 2013; Hu, Craig, Bargagloitti, et al., 2011; Oak Creek-Franklin School District, 2017;
Huang, Craig, Xie, et al., 2016; Institute of Education Sciences [IES], 2013; Hill, McGinn, &
Gilbert, 2016; Ikemoto, Steele, & Pane, 2016).
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CHAPTER THREE. METHODOLOGY
Introduction
This study explored

relationships between students’ ALEKS usage, teachers’

implementation of the ALEKS program, and student performance on the 2017 – 2018 LEAP 2025
mathematics assessment. Specifically, district-level analyses included descriptive statistics of
ALEKS usage in relation to demographics. The purpose of this was to get general sense of how
students used ALEKS within DISTRICT. Teacher-level analyses explored differences in ALEKS
implementation amongst subgroups. Additionally, statistical analyses were conducted to assess
the impact of students’ ALEKS usage on LEAP performance for each teacher. The research
questions are as follows:
1. Is there a relationship between the amount of time students spent on ALEKS and their
performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we control for
prior LEAP performance?
2. Is there a relationship between the percentage of concepts students mastered on ALEKS
and their performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we
control for prior LEAP performance?
3. Is there a relationship between concepts mastered on ALEKS, time spent on ALEKS, and
2017 – 2018 LEAP 2025 exam scores when we control for prior LEAP performance?
4. Did ALEKS implementation differ across teacher groups?
5. Was there a difference in the implementation of ALEKS between teachers with higher
student achievement and those with lower student achievement on the 2017 – 2018 LEAP
2025 mathematics assessment?
This chapter presents the following: research design, population demographics, research
ethics, procedures, instruments used for data collection, and data analysis methods.
Research Design
This study employed a concurrent Quan + Qual design (Clark and Ivankova, 2016).
Concurrent Quan + Qual studies aim to merge complementary data sets (i.e., qualitative and
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quantitative) in order to “produce more substantiated study results” (Clark and Ivankova, 2016, p.
120). This design was selected because quantitative and qualitative strands were concurrently
implemented, both of which shared equal importance, and once merged, provided a more complete
understanding of research questions posed in this study (Clark & Ivankova, 2016).
Quantitative. The quantitative portion of the study involved district-level analyses and
teacher-level analyses that explored relationships between students’ ALEKS usage and LEAP
performance. District-level analyses included descriptive statistics of ALEKS usage in relation to
demographics. The purpose of this was to get a general sense of how students used ALEKS within
DISTRICT. ALEKS usage data concerning the amount of time students spent on ALEKS,
including the percentage of skills and concepts mastered on ALEKS, was statistically analyzed to
determine whether or not differences in ALEKS usage amongst student subgroups were
statistically significant. Moreover, associations between ALEKS usage variables and LEAP
performance were analyzed on a district level. Teacher-level analyses assessed the impact of
ALEKS usage variables on LEAP performance for each teacher. The quantitative portion of the
study addressed research questions 1 – 3, and 5.
Qualitative. The qualitative portion of this study included thematic analyses that examined
the following relationships: ALEKS implementation in relation to group differences (i.e., RtI 8,
Math 8, Both, and Magnet), ALEKS implementation of each teacher and LEAP performance, and
ALEKS implementation in relation to teacher rankings (i.e., high student achievement or low
student achievement) and LEAP performance. This portion of the study took into consideration
previous research findings that have reported associations between program implementation and
student achievement. In this study, the first step involved the generation of ALEKS usage profiles
for each teacher, which were derived from survey responses. Second, ALEKS usage profiles were
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used to thematically analyze survey responses with respect to groups RtI 8, Math 8, Both, and
Magnet. The purpose of conducting thematic analyses with respect to groups (i.e., RtI 8, Math 8,
Both, and Magnet) was to determine whether or not ALEKS implementation differed amongst the
groups. Moreover, this was used to determine if group differences needed to be controlled. Third,
teachers were ranked into two groups based upon student achievement: High student achievement
(HSA), and Low Student Achievement (LSA). The purpose of thematically analyzing survey
responses with respect to student achievement was to determine whether or not there were
between-group differences in ALEKS implementation. Moreover, results may inform DISTRICT
where ALEKS was more beneficial as it relates to methods that brought about the best outcomes.
The qualitative component addressed research questions 4 and 5.
Sample Population
The research took place within DISTRICT, which served a K – 12 public school population
of 38,770 in Feb 2018. During the 2017 – 2018 academic school year, the gender make-up of
DISTRICT’s K - 12 public school population was 50.37% male and 49.63% female (LDE, 2018).
According to LDE (2018), approximately 75% of DISTRICT’s K - 12 public school students were
classified as economically disadvantaged. Race distribution was as follows: African American
(75%), Asian (4%), Hawaiian (< 1%), Hispanic (9%), Multiple races (< 1%), Native American (<
1%), and White (11%).
DISTRICT (2018) had nineteen public middle schools (LDE, 2018). Of the nineteen
middle schools, fourteen were classified as true middle schools, which served grade levels 6 – 8.
Two were alternative schools, which served grade levels 6 – 12. Regarding the remaining three
schools, DISTRICT had a laboratory school, which served grade levels K – 8, a Montessori school
(for grade levels K – 8), and a combo school (for grade levels 7 – 12).
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Magnet programs.

Concerning magnet program offerings, approximately 53% of

DISTRICT public middle schools offered magnet programs. The number of DISTRICT public
middle schools that offered each type of magnet program are as follows:

Broadcast

communications (1); Science, Technology, Engineering and Mathematics or STEM (6); Visual
and performing arts (2); High school credit in foreign language (3); High school credit in STEMrelated subjects (2); High school credit for Graphic Arts (1).
School Performance. In 2018, DISTRICT updated their list of schools in need of
intensive intervention. Approximately 58% of DISTRICT public middle schools were placed on
the list compared to 37% in 2017 (LDE, 2018). The increased number of public middle schools
requiring intensive intervention in 2018 was attributed to the district-wide decline in school
performance scores in 2017. Associated with school performance scores were school letter grades.
Table 3.1 illustrates the 2018 distribution of DISTRICT’s public middle schools according to each
letter grade category.
Table 3.1. Letter Grade Distribution of DISTRICT’s Public Middle Schools
A

B

C

D

F

11%

11%

32%

5%

42%

Population demographics of DISTRICT Middle Schools in Relation to Letter Grade
Population demographics of schools with letter grade A: According to LDE Louisiana
Believes (2018), forty-three (43%) of students were classified as economically disadvantaged, and
99% were fully Proficient in English (LDE, 2018). The race distribution was as follows: African
American (45%), Asian (15%), Hawaiian (0.2%), Hispanic (8%), Multiple races (2%), Native
American (0.4%), and White (31%).
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Population demographics of schools with letter grade B: Fifty-six percent (56%) of
students were classified as economically disadvantaged, and ninety-nine percent (99%) were fully
Proficient in English (LDE, 2018). Gender distribution of male and female students was forty-one
percent (41%) and fifty-nine percent (59%) respectively. The race distribution was as follows:
African American (83%), Asian (3%), Hawaiian (0%), Hispanic (5%), Multiple races (0.7%),
Native American (0.1%), and White (9%).
Population demographics of schools with letter grade C: Seventy-five percent (75%)
of students were classified as economically disadvantaged, and ninety-two percent (92%) were
fully Proficient in English (LDE, 2018). Gender distribution of male and female students was
fifty-one percent (51%) and forty-nine percent (49%) respectively. The race distribution was as
follows: African American (71%), Asian (4%), Hawaiian (0.1%), Hispanic (11%), Multiple races
(1%), Native American (0.1%), and White (13%).
Population demographics of schools with letter grade D: Only one school fell into this
category in 2018. According to LDE (2018), gender distribution was 51% male and 49% female.
Ninety percent of students were classified as economically disadvantaged, and ninety-nine percent
(99%) were fully Proficient in English (LDE, 2018). The race distribution was as follows: African
American (97%), Asian (0%), Hawaiian (0%), Hispanic (1%), Multiple races (0%), Native
American (< 1%), and White (1%).
Population demographics of schools with letter grade F: These schools served a
minority population of approximately ninety-six percent (96%) of its total population. Ninety-one
percent (91%) of students were classified as economically disadvantaged. The race distribution
was as follows: African American (87%), Asian (1%), Hawaiian (< 1%), Hispanic (7%), Multiple
races (< 0.1%), Native American (< 1%), and White (4%).
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Historic Trends in Eighth-Grade Mathematics LEAP Performance in DISTRICT
According to LDE (2018), the overall percentage of DISTRICT’s eighth-grade population
who passed the LEAP mathematics assessment were provided for years 2013 through 2018.
Trends in the overall eighth-grade LEAP passage rates from years 2013 through 2018 are as
follows: 1) There was a significant increase in the percentage of students passing the LEAP
mathematics assessment in 2016 (82%) compared to 2013 (70%). However, the passage rate
significant declined by 2018 (71%).
Beginning 2015, LDE (2015) provided the percentage of DISTRICT’s eighth-grade
passage rates on LEAP mathematics assessments according to the following student
demographics: race, poverty level, English Language Learner (ELL), and Special Needs. Trends
in eighth-grade LEAP passage rates with respect to student demographics are as follows:
African American. Although there was a four percent increase in 2016 compared to 2015,
LEAP passage rates have been relatively stagnant from 2015 to 2018. Specifically, the passage
rate was seventy-three percent (73%) in 2015 as well as in 2018 (LDE, 2018).
Asian. There has been a steady gradual increase in LEAP passage rates since 2015. In
2015, the percentage of students passing the LEAP mathematics assessment was ninety-two
percent (92%). The passage rate increased to ninety-seven percent (97%) by 2018 (LDE, 2018).
Hawaiian. Results were not reported due to insufficient sample size.
Hispanic. LEAP passage rates have been a fluctuating downward trend since 2015.
Although the passage rate increased in 2016 (76%) compared to 2015 (71%), it plummeted to fiftyeight percent (58%) in 2017 and increased to sixty-two percent (62%) by 2018. 2018 passage
results are significantly lower than 2015 results.
Native American. Results were not reported due to insufficient sample size.
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Two or more races. There has been a steady upward trend in LEAP passage rates since
2015 (LDE, 2018). The LEAP passage rate in 2018 (95%) is significantly higher compared to
2015 (87%).
White. LEAP passage rates were relatively stagnant between 2015 and 2016. Despite the
2017 decline (i.e., LEAP passage rate was 73%), the passage rate increased to ninety-one percent
(91%) by 2018 (LDE, 2018).
Economically disadvantaged. LEAP passage rates were also relatively stagnant between
2015 and 2018. Even though the passage rate of seventy-one percent (71%) was higher in 2015
compared to 2018 (69%), the decline was only slight (LDE, 2018).
ELL. There has been a fluctuating downward trend in LEAP passage rates since 2015
(LDE, 2018). In 2015, the passage rate was fifty-three percent (53%) compared to forty-four
percent (44%) in 2018.
Special Needs. The LEAP passage rate in 2016 (49%) was higher compared to 2015
(42%). However, there has been a downward trend since 2016. By 2018, the LEAP passage rate
was forty percent (40%), which is lower compared to 2015 (LDE, 2018).
Sample
This study targeted all DISTRICT eighth-grade public middle school students who were
exposed to ALEKS during the 2017 – 2018 academic school year, which consisted of
approximately twenty-five percent (25%) of the entire eighth-grade student population excluding
charter schools (2,497). According to LDE Louisiana Believes (2018), DISTRICT’s eighth-grade
student population during the 2017 – 2018 academic school year was 2,771 (including charter
schools) and 2,497 excluding charter schools (LDE, 2018). The gender distribution was 50% male
and 50% female (LDE, 2018). Approximately, seventy-seven percent (77%) of eighth-grade
64

students were classified as economically disadvantaged, and ninety-five percent (95%) were fully
Proficient in English (LDE, 2018). The race distribution was as follows: African American (77%),
Asian: (4%), Hawaiian: (< 1%), Hispanic (9%), Multiple races (1%), Native American (< 1%),
and White (13%).
Research Ethics
Institutional Review Board and DISTRICT Approval
Prior to conducting this study, I received full permission from both the Institutional Review
Board at Louisiana State University (LSU IRB) and DISTRICT. Additionally, I received full
permission to conduct this study from middle school principals who participated in the 2017 –
2018 district-wide implementation of the ALEKS program. ALEKS surveys were then sent to
participating teachers. Upon receiving feedback from all participants, thematic analyses were
conducted to gain a general sense of how the program was implemented in addition to how these
practices may have influenced 2017 – 2018 LEAP 2025 mathematics scores. Note: All personally
identifiable information (i.e., district, schools, teachers, and students) was de-identified, and results
from this study were reported in a manner that kept this information confidential.
Secure Data Handling
DISTRICT de-identified all students and teachers prior to data file encryption. Due to
DISTRICT restrictions of identifying teachers with student data, some teachers could not be
matched with their students’ DISTRICT data. As a result, associations between ALEKS survey
responses and student performance could only be conducted for matched records. All analyses
were conducted on computers with updated spyware and virus protection software.
Secure Reporting: I did not report statistics if fewer than 10 students were used in
calculations.
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Procedures
In this study, I served two roles: the role of a researcher and the role of an instrument
facilitator (i.e., facilitator of the ALEKS survey). As a researcher, I scheduled meetings and kept
close communication with DISTRICT personnel concerning district data required for the
study. As an instrument facilitator, I met with all DISTRICT middle school teachers who
participated in the 2017 – 2018 district-wide mandate of the ALEKS program. I secured their
commitment to participate in the study and ensured timely survey completion through periodic
follow-ups.
Instruments
Quantitative. The following instruments were used for district data collection: LEAP
2025 mathematics assessments and ALEKS usage data from DISTRICT.
LEAP 2025 assessments. According to LDE Louisiana Believes LEAP 2025 ELA, Math,
and Social Studies 2018 Interpretive Guide (2018), LEAP 2025 mathematics state benchmark
assessments for grade levels 3 – 8 are summative assessments that reveal students’ strengths and
weaknesses according to the following subcategories:

Major Content with grade-specific

subcategories, Additional & Supporting Content, Expressing Mathematical Reasoning, and
Modeling & Application. Subcategories are rated are as follows: Weak performance, which
indicates students’ subcategory performance requires intensive intervention; Moderate
performance, which indicates students’ subcategory performance needs additional support; Strong
performance, which indicates that the student is “prepared for further studies” (LDE, 2018, p. 17).
Students’ overall level of mathematical competency is indicated by a scaled score, which
ranges from 650 – 850 (LDE, 2018).

For seventh-grade mathematics, achievement level

performance associated with scaled scores are as follows: Advanced (786 – 850) – exceeded
66

expectations; Mastery (750 – 785) – met expectations; Basic (725 – 749) – nearly met expectations;
Approaching Basic (700 – 724) – partially met expectations; and Unsatisfactory (650 – 699) –
expectations not yet met (LDE, 2018).

For eighth-grade mathematics, achievement level

performance associated with scaled scores are as follows: Advanced (801 – 850) – exceeded
expectations; Mastery (750 – 800) – met expectations; Basic (725 – 749) – nearly met expectations;
Approaching Basic (700 – 724) – partially met expectations; Unsatisfactory (650 – 699) –
expectations not yet met (LDE, 2018).
In this study, 2017 – 2018 LEAP 2025 scaled performance scores were used as the
dependent variable. LEAP 2025 results from the previous school year were incorporated as a
control variable.
ALEKS usage data from DISTRICT. This study examined students’ ALEKS usage of the
Middle School Mathematics Course 3 curriculum. According to ALEKS (2018), increased time
duration on ALEKS is the primary factor that is significantly linked to higher performance on
summative assessments.

Therefore, students’ time duration on ALEKS was examined to

determine the validity of company claims. Additionally, the relationship between the percentage
of skills and concepts mastered on ALEKS and LEAP performance was also examined.
Qualitative. The ALEKS survey was distributed amongst all teachers who participated in
the 2017 – 2018 ALEKS district-wide mandate. Survey responses concerning program
implementation were thematically analyzed to complement statistical findings from the
quantitative portion of the study. The ALEKS survey (see Appendix H) presented blocks of
questions related to the following subcategories:
1. ALEKS curriculum or curricula used
2. Program scheduling – class duration, frequency and consistency of program
implementation, and the percentage of time allotted for ALEKS during class time.
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3. Instructional format – how ALEKS was used, course organization, and consistency of
instructional routine.
4. Incentives – rewards provided for student achievement on ALEKS and the incorporation
of ALEKS performance into course grading scheme.
5. Homework – frequency of assigned homework, ALEKS home access, and whether or not
ALEKS was typically assigned for homework.
6. After-School Tutoring – whether or not after-school tutoring was offered, the frequency
and consistency of ALEKS use during after-school tutoring, time duration of after-school
sessions, and the approximate percentage of students (particularly, eighth-grade students)
who attended after-school tutoring.
Data Analysis Methods
Sample size
Study participants consisted of 626 eighth-grade students who were exposed to ALEKS
within DISTRICT during the 2017 – 2018 academic school year. The majority of teachers in this
study who implemented the ALEKS program served a student population of at least twenty-five
students. For hierarchical multiple regression (HMR), there should be at least 10 cases for each
independent variable (Statistics Solutions, 2019, para. 4). In order to satisfy the criteria, for
teacher-level analyses, the maximum number of independent variables analyzed at a time for each
teacher were two.
Variables
Data on the following variables were obtained from DISTRICT to accomplish the goals of
this study: 1) Explanatory variables - time duration on ALEKS, the percentage of skills mastered
on ALEKS, and the percentage of concepts mastered on ALEKS (by mid-year and by the end of
school year); 2) Student demographic variables - gender, race, repeater status, special education
(SPED) status, and limited English proficiency (LEP) status; 3) Control variable - 2016 – 2017
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LEAP 2025 seventh-grade mathematics scores; 4) Response variable - 2017 – 2018 LEAP
2025 eighth-grade mathematics scores.
Definitions of ALEKS Usage Variables
Total Hours. The variable Total Hours is representative of the total amount of time eighthgrade students spent on ALEKS within DISTRICT during the course of the 2017 – 2018 school
year.
Concepts Mastered. According to ALEKS (2017), the percentage of concepts mastered
was determined by the number of concepts (or topics) mastered of the total number of concepts a
student is expected to master in an ALEKS curriculum. For this study, the curriculum of interest
was the ALEKS (2017) Middle School Math Course 3 curriculum, which comprised 453 concepts
(i.e., the number of concepts eighth-grade students were expected to master).
First Semester Skills Percent. According to ALEKS (2017), the percentage of skills
mastered was determined by the number of skills mastered of the total number of skills a student
is expected to master in an ALEKS curriculum. In this study, the variable First Semester Skills
Percent represented the percentage of skills students mastered by mid-school year. From here on,
this variable will be referred to as FSSP.
End-of-Year Skills Percent. The variable End-of-Year Skills Percent represented the
percentage of skills students mastered by during the course of the 2017 – 2018 school year
(ALEKS, 2017). According to ALEKS (2017), the percentage of skills mastered was determined
by the number of skills mastered of the total number of skills a student is expected to master in an
ALEKS curriculum. From here on, this variable will be referred to as EOYSP.
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Data and Data Analysis
Quantitative. The quantitative portion of the study concerned 626 eighth-grade students
who were exposed to ALEKS during the 2017 – 2018 academic school year. Statistical analyses
conducted for this portion of the study included descriptive analyses, Analysis of Covariance
(ANCOVA), Hierarchical Linear Modeling (HLM), HMR analyses, Independent Samples TTests, and Paired Samples T-Tests.
Descriptive analyses. For district-level analyses, descriptive statistics of the following were
provided in relation to student demographics: ALEKS usage, historic trends of LEAP mathematics
assessment passage rates, and population demographics of DISTRICT middle schools with respect
to associated school letter grades. For teacher-level analyses, student demographics were provided
for each teacher.
For the following statistical methods that were employed, assumptions for each approach
were tested to ensure that appropriate statistical methods were used for data analysis: ANCOVA,
HLM and HMR analyses, Independent Samples T-Tests, and Paired Samples T-Tests.
ANCOVA.

ANCOVA analyses were conducted to determine whether or not mean

differences between groups were statistically significant after the removal of a covariate that was
found to be statistically significant. Prior to conducting ANCOVA, DISTRICT data was screened
for missing values and outliers. The following ANCOVA assumptions were tested for the purpose
of minimizing the occurrence of Type I or Type II errors if met (Laerd Statistics, 2019):
1. The dependent variable must be continuous.
2. The independent variable is categorical and has at least two groups.
3. The covariate must be continuous.
4. There must be an independence of observations.
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5. There is a linear relationship between the covariate and the dependent variable at each level
of the independent variable.
6. Homogeneity of regression slopes.
7. Homogeneity of variances.
8. Normality.
For Assumption 1, the dependent variable (2018 LEAP Math Scale Scores) is continuous.
Therefore, this assumption was met. Assumption 2 was met, given that at least two teachers who
participated in the ALEKS survey had sufficient group sizes for statistical comparisons.
Assumption 3 was met because the covariates in this study (Days Absent and 2017 LEAP Math
Scale Scores) were continuous. Assumption 4 was met because each participant was counted as a
single observation.
Assumption 5. There was a linear relationship between each covariate and the dependent
variable for each level of the independent variable (or teacher), as shown in Figures G.1 and G.2
(see Appendix G). Student groups considered for ANCOVA analysis concerned five teachers who
participated in the ALEKS survey (referred to as T1, T2, T3, T4, and T5). Figures G.1 and G.2
illustrate that this assumption was met for each teacher.
Assumption 6 was met because interactions between each covariate and the independent
variable (TeacherID) were not statistically significant (see Appendix G). In fact, the interaction
between TeacherID and 2017 LEAP Math Scale Scores was not statistically significant, F(4, 223
) = 0.433, p = 0.785. Likewise, the interaction between TeacherID and Days Absent was not
statistically significant, F(4, 223 ) = 0.788, p = 0.534.
Assumption 7 (homogeneity of variances) was met, as assessed by Levene’s test of
homogeneity of variance (p = 0.355), shown in Figure G.3 (see Appendix G).
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Assumption 8 was met: Figure G.4 shows that standardized residuals for the overall model
were normally distributed, as assessed by Shapiro-Wilk’s test, p = 0.05 (see Appendix G).
HLM analyses. HLM was conducted to determine district-level associations of ALEKS
usage variables and LEAP performance. For these analyses, students are nested within teachers,
and teachers are nested within schools, which implies a 3-level multilevel model. The following
assumptions (Statistics Solutions, 2019) were tested prior to HLM analyses to ensure that this was
an appropriate statistical method for analyzing data on a district-level in this study (see Appendix
D):
1. There must be a linear relationship between the independent variables and the dependent
variable.
2. There must be homoscedasticity of residuals.
3. Distribution of residuals must be approximately normal.
For Assumption 1, Figure D.1 (see Appendix D) shows that there appears to a linear
relationship between the control variables, independent variables, and the dependent variable.
Therefore, Assumption 1 was met.
Assumption 2. Figure D.2 shows that the distribution of residuals appeared fairly normal
for all predicted dependent variable scores. Overall, the cluster of points is approximately the
same width from the concentration of points along the center. Therefore, Assumption 2 was met.
For Assumption 3, the histogram in Figure D.3 illustrates the distribution of standardized
residuals. The distribution of 2018 LEAP scale scores appear relatively normal. Therefore,
Assumption 3 was met.
HMR analyses. HMR was conducted to address research questions 1 – 3. HMR models
were generated for each teacher to investigate whether or not the addition of ALEKS usage
variables statistically significantly improved the prediction of the dependent variable (2018 LEAP
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Math Scale Scores) beyond the effect of two control variables (2017 LEAP Math Scale Scores and
Days Absent). The following assumptions (Laerd Statistics, 2019) were tested prior to HMR
analysis to ensure that this was an appropriate statistical method for analyzing DISTRICT data in
this study (see Appendix D):
1. The dependent variable must be continuous.
2. There must be at least two (2) independent variables that can either be continuous or
categorical.
3. Independent variables should not be highly correlated.
4. There must be independence of observations.
5. There must be a linear relationship between the independent variables and the dependent
variable.
6. There must be homoscedasticity of residuals.
7. There should be no significant outliers
8. Distribution of residuals must be approximately normal.
For Assumption 1, the dependent variable (2018 LEAP Math Scale Scores) is continuous.
Therefore, this assumption was met. Assumption 2 was met because each ALEKS usage variable,
which were the independent variables in this study, consisted of at least two independent groups
with sufficient sample sizes for statistical comparisons. Therefore, this assumption was met.
Assumption 3. The VIF statistic was used to determine the existence of multicollinearity.
VIF values greater than 10 indicate that collinearity between the independent variables exist, which
could be problematic. Table D.1 shows that multicollinearity is not a problem because all VIF
values are less than 10. Therefore, Assumption 3 was met.
Assumption 4 was met because each participant was counted as a single observation. For
Assumption 5, Figure D.1 (see Appendix D) shows that there appears to a linear relationship
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between the control variables, independent variables, and the dependent variable. Therefore,
Assumption 5 was met.
Assumption 6. Figure D.2 shows that the distribution of residuals appeared fairly normal
for all predicted dependent variable scores. Overall, the cluster of points is approximately the
same width from the concentration of points along the center. Therefore, Assumption 6 was met.
Assumption 7. The Cook’s Distance statistic was used to detect outliers. Any data values
that are near or exceed a Cook’s Distance value of one (1) indicates that data values are possibly
influential cases that need to be addressed. In this case, the largest Cook’s Distance value is 0.226,
which is much less than 1 (shown in Table D.2). Therefore, Assumption 7 was met.
For Assumption 8, the histogram in Figure D.3 illustrates the distribution of standardized
residuals. The distribution of 2018 LEAP scale scores appear relatively normal. Therefore,
Assumption 8 was met.
Independent Samples T-Tests. Independent Samples T-Tests were conducted to determine
whether or not mean differences were statistically significant between groups such as Mobile and
Non-Mobile students. The following assumptions were tested prior to using this method of analysis
(see Appendix E):
1. The dependent variable must be continuous.
2. The independent variable must be a categorical variable that contains two (2) groups.
3. There must be independence of observations.
4. There should be no significant outliers.
5. Distribution of residuals must be approximately normal.
Assumption 1 was met because the dependent variable in this study is continuous. For
Assumption 2, the independent variable was categorical, which consisted of two groups, Mobile
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and Non-Mobile students. Therefore, this assumption was met. Assumption 3 was met because
each participant was counted as a single observation. For Assumption 4, Figure E.1 illustrates a
box-plot that was generated to determine the existence of outliers (see Appendix E). There were
no outliers; therefore, this assumption was met. For Assumption 5, the distribution of residuals
were approximately normal for Mobile and Non-Mobile students, illustrated in Figure E.2 (see
Appendix E).
Paired Samples T-Tests. Paired Samples T-Tests were generated for each teacher to
determine whether or not mean differences between 2017 LEAP scores and 2018 LEAP scores
were statistically significant. The following assumptions were tested (Laerd Statistics, 2019):
1. The dependent variable must be continuous.
2. There must be independence of observations.
3. The dependent variable should not contain any outliers.
4. The dependent variable (i.e., the distribution of 2018 LEAP residuals) should be
approximately normal.
For Assumption 1, the dependent variable (2018 LEAP scores) is continuous, thereby,
meeting this assumption. Assumption 2 was met because each participant was counted as a single
observation. For Assumption 3, Figure F.1 shows that the dependent variable does not contain
any outliers (see Appendix F). Assumption 4 was met because the dependent variable was
approximately normally distributed, shown in Figure F.2.
Research question one. For this question, HMR models were generated for each teacher
to determine whether or not the amount of time students spent on ALEKS made a statistically
significant impact on 2018 LEAP performance beyond students’ 2017 LEAP performance. The
independent variable, control variable, and dependent variable were Total Hours, 2017 LEAP
Math Scale Scores, and 2018 LEAP Math Scale Scores respectively. Additionally, the following
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descriptive statistics were generated with respect to ALEKS usage in terms of hours spent: mean,
minimum, maximum, and percentiles (i.e., 25th, 50th, and 75th).
Research question two. Similar to Research Question One, HMR models were generated
for each teacher to determine whether or not the percentage of concepts mastered on ALEKS made
a statistically significant impact on 2018 LEAP performance beyond students’ 2017 LEAP
performance. For this question, the independent variable, control variable, and dependent variable
were Concept Mastery, 2017 LEAP Math Scale Scores, and 2018 LEAP Math Scale Scores
respectively. Additionally, the following descriptive statistics were generated with respect to
ALEKS usage in terms of concepts mastered: mean, minimum, maximum, and percentiles (i.e.,
25th, 50th, and 75th).
Research question three. This analysis comprised four stages. In the first stage, HMR
models were generated for each teacher to determine whether or not the collective impact of time
spent on ALEKS and the percentage of concepts mastered actually made a difference in student
learning outcomes beyond students’ 2017 LEAP performance. There were two independent
variables, Total Hours and Concepts Mastered. The control variable was 2017 LEAP Math Scale
Scores, and the dependent variable was 2018 LEAP Math Scale Scores.
In the second stage, an ANCOVA model was generated to provide the adjusted mean
statistic for each teacher. The adjusted mean statistic was used to rank teachers into two groups:
High Student Achievement (HSA) and Low Student Achievement (LSA). Pairwise comparisons
were used to determine which teachers had 2018 LEAP score averages that were statistically
significantly different from HSA teachers. Teachers who had LEAP score averages that were
statistically significantly different from HSA teachers were placed in the LSA group. The purpose
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of ranking teachers into groups HSA and LSA was to determine whether or not there were
differences in how their students used ALEKS.
In the third stage, HMR models were generated separately for each teacher to assess the
impact of ALEKS usage variables FSSP and EOYSP on students’ LEAP performance. The
purpose of this was to determine whether or not these ALEKS usage variables improved the
prediction of 2018 LEAP mathematics scores beyond 2017 LEAP mathematics scores. As stated
before, the two independent variables were FSSP and EOYSP. The control variable was 2017
LEAP Math Scale Scores, and the dependent variable was 2018 LEAP Math Scale Scores.
In the fourth stage, the findings in the third stage were analyzed with respect to teachers’
student achievement groups HSA and LSA.
Qualitative. Research Question Four involved a thematic analysis of survey responses
with respect to groups RtI 8, Math 8, Both, and Magnet. Group results were compared according
to the following survey categories: 1) Program Scheduling (i.e., timing issues); 2) Instructional
Format; 3) ALEKS Incentives; 4) ALEKS Homework. The purpose of this was to determine whether
or not there were differences in ALEKS implementation with respect to these groups.
Mixed Methods. Research Question Five involved a mixed methods approach. For this
question, the quantitative portion comprised three stages. In the first stage, descriptive analyses in
the form of pie graphs were used to depict the demographic distribution of students who were
exposed to ALEKS for each teacher. In the second stage, differences between teachers’ 2017
mean LEAP performance scores and 2018 mean LEAP performance scores were tested for
statistical significance, as assessed by Paired Samples T-Tests. In the third stage, distribution
comparisons of 2017 and 2018 LEAP scores in relation to LDE (2017) LEAP achievement levels
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were provided. The purpose was to provide some explanation as to why some teachers had greater
student success and why other teachers had less student success.
For the qualitative portion of this question, there were two stages. In the first stage, ALEKS
usage profiles were generated for each teacher. In the second stage, thematic analysis of ALEKS
implementation was conducted for groups HSA and LSA with respect to the following survey
categories: Program Scheduling, Instructional Format, ALEKS Incentives, and ALEKS
Homework. The purpose of comparing ALEKS usage between groups HSA and LSA was to
determine how ALEKS was best implemented within DISTRICT.
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CHAPTER FOUR. RESULTS AND FINDINGS
Introduction
The purpose of this study is to investigate whether or not ALEKS usage impacted student
performance on the 2018 LEAP mathematics assessment. Data collected from DISTRICT
specifically involved eighth-grade students who were exposed to ALEKS during the 2017 – 2018
academic school year. Demographic factors considered in this study were gender, race, special
education (SPED) status, and limited English proficiency (LEP) status. Concerning academic
background factors, students’ repeater status and the 2017 LEAP Mathematics assessment scores
were analyzed. All statistical analyses were conducted through the Statistical Package for Social
Sciences software (SPSS).
This chapter presents the following: 1) District-wide and school-wide descriptive analysis
of participants; 2) Assumptions met for each statistical approach employed in this study; 3) Steps
taken to address each research question; followed by 4) Results. Note that throughout this chapter,
results that are statistically significant will be highlighted in the tables.
Research Study Participants
Study participants consisted of six hundred, twenty-six (626) eighth-grade students who
were exposed to ALEKS in DISTRICT during the 2017 – 2018 academic school year. Figures 4.1
– 4.5 below illustrate 2017 – 2018 district-wide distribution of students who used ALEKS within
DISTRICT according to race, gender, repeater status, SPED status, and LEP status.

Figure 4.1. Race Distribution of Eighth-Grade Students Who Used ALEKS
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Figure 4.2. Gender Distribution of Eighth-Grade Students Who Used ALEKS

Figure 4.3. Repeater Status Distribution of Eighth-Grade Students Who Used ALEKS

Figure 4.4. SPED Status Distribution of Eighth-Grade Students Who Used ALEKS

Figure 4.5. LEP Status Distribution of Eighth-Grade Students Who Used ALEKS
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ALEKS Curriculum Used within DISTRICT
District-wide usage of ALEKS curricula during the 2017 – 2018 academic school year are
as follows:
•

Middle School Math Course 3. ALEKS grade-level curriculum for eighth-grade
mathematics. From here on, we will refer to Middle School Math Course 3 as MSMC3.

•

RtI 8. ALEKS remedial curriculum for eighth-grade mathematics.

•

Algebra 1A. ALEKS Algebra 1 curriculum for eighth-grade mathematics.
As illustrated in Table 4.1, eighth-grade student enrolment respective to each course are as

follows: Middle School Math Course 3 curriculum (520); RtI 8 (58); Algebra 1A (1). The table
also indicates that there were 47 eighth-grade students who were not enrolled in an ALEKS course.
Table 4.1. 2017 – 2018 ALEKS Course Enrolment within DISTRICT
Cumulative
Frequency Percent
Percent
Valid
47
7.5
7.5
Algebra 1A
1
.2
7.7
Middle School
520
83.1
90.7
Math Course 3
RtI 8
58
9.3
100.0
Total
626 100.0
District-Level Analysis of ALEKS Usage
This section will explore district-level usage of ALEKS. Table 4.2 provides descriptive
statistics of district-level ALEKS usage during the 2017 – 2018 academic school year, specifically
pertaining to ALEKS usage variables Total Hours, Concepts Mastered, FSSP, and EOYSP.
Total Hours. Table 4.2 shows that the mean number of hours students spent on the program
was 7 hr 30 min, with a standard deviation of 6 hr 43 min. The amount of time students spent on
ALEKS at the 25th percentile, the 50th percentile, and the 75th percentile were 1 hr 32 min, 5 hr 40
min, and 11 hr 36 min, respectively.
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Concepts Mastered. The mean percentage of concepts mastered on ALEKS was 11.3%,
with a standard deviation of 13.5%. Students at the 25th percentile did not master any concepts on
ALEKS. The percentage of concepts mastered on ALEKS at the 50th percentile and the 75th
percentile were 4.3% and 22.5% respectively.
First Semester Skills Percent. The mean percentage of skills mastered on ALEKS by midschool year was approximately 22%, with a standard deviation of 24.4%. Students at the 25th
percentile did not master any skills on ALEKS by mid-school year. The percentage of skills
mastered on ALEKS at the 50th percentile and the 75th percentile were 14% and 37% respectively.
End-of-Year Skills Percent. The mean percentage of skills mastered on ALEKS by the end
of the school year was 33.7%, with a standard deviation of 23.17%. The percentage of skills
mastered on ALEKS at the 25th percentile, the 50th percentile, and the 75th percentile were 15%,
30%, and 48% respectively.
Table 4.2. 2017 – 2018 ALEKS Course Enrolment within DISTRICT
End-of-Year
Concepts
First Semester
Skills
Total Hours
Mastered (%)
Skills Percent
Percent
N

Valid
Missing

Mean
Std. Deviation
Minimum
Maximum
Percentiles
25
50
75

626
0
7:30:05
6:43:53
0:00:00
23:52:00
1:32:15
5:40:00
11:36:30

626
0
11.3
13.5
0
64
.00
4.3
22.5

626
0
22.0
24.4
0
100
.00
14.0
37.0

525
101
33.7
23.17
0
100
15.00
30.00
48.00

ALEKS Usage by DISTRICT Demographics
Tables C.1 – C.12 (see Appendix C) provide descriptive statistics of district-level ALEKS
usage during the course of the 2017 – 2018 academic school year in relation to the following
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demographics: race, gender, LEP status, SPED status and Repeater Status. A summary of the
results are as follows:
Race. On average, students identified as Asian spent the most amount of time on ALEKS
(11 hr 30 min), followed by students identified as White (10 hr 40 min), Hispanic (8 hr 32 min),
and African American (5 hr 48 min). This also translated into the mean percentage of concepts
mastered on ALEKS during the course of the school year: Asian (29%); White (22%); Hispanic
(12%); African American (7%). In similar respect, the mean percentage of skills mastered on
ALEKS by mid-school year in relation to subgroups are as follows: Asian (50%); White (39%);
Hispanic (18%); African American (16%). Concerning ALEKS usage variable EOYSP, the mean
percentage of skills mastered on ALEKS by the end of the school year in relation to subgroups are
as follows: Asian (55%); White (45%); African American (29%); Hispanic (25%).
Gender. Students identified as male, on average, spent more time on ALEKS (6 hr 46
min) compared to students identified as female (6 hr 33 min). However, female students typically
mastered more concepts on ALEKS (10%) compared to male students (9%). Concerning the
ALEKS usage variable FSSP, the mean percentage of skills mastered on ALEKS by male and
female students differed by 1%: male (19%); female (20%). Likewise, there was a 1% difference
in the mean percentage of skills mastered by the end of the school year between male and female
students: male (31%); female (32%).
LEP status. Students identified as LEP typically spent more time on ALEKS (9 hours)
compared to students identified as Non-LEP (6 hr 35 min). However, Non-LEP students typically
mastered more concepts on ALEKS (10%) compared to LEP students (7%). Concerning the
percentage of skills mastered on ALEKS by mid-school year, the mean percentage of skills
mastered on ALEKS between LEP and Non-LEP students differed by 6%: LEP (14%); Non-LEP
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(20%). Also, there was a 10% difference in the mean percentage of skills mastered by the end of
the school year between LEP and Non-LEP students: LEP (22%); Non-LEP (32%).
SPED status. Students identified as SPED typically spent more time on ALEKS (8 hr 41
min) compared to students identified as Non-SPED (6 hr 31 min). This also translated into the
mean percentage of concepts mastered on ALEKS during the course of the school year: SPED
students (13%); Non-SPED (9.5%). However, the mean percentage of skills mastered on ALEKS
between SPED and Non-SPED were 17.2% and 20% respectively. In similar respect, the mean
percentage of skills mastered on ALEKS by the end of the school year between SPED and NonSPED were 25.3% and 32% respectively.
Repeater status. The mean amount of time that students who were identified as Repeater
spent on ALEKS (59 min) was substantially less compared to students identified as Non-Repeater
(6 hr 49 min). This translated to the rest of ALEKS usage categories: The mean percentage of
concepts mastered on ALEKS between Repeater and Non-Repeater students were 1% and 10%
respectively. The mean percentage of skills mastered on ALEKS between Repeater and NonRepeater students were 1.3% and 20.1% respectively. In similar respect, the mean percentage of
skills mastered on ALEKS by the end of the school year between Repeater and Non-Repeater
students were 4.1% and 31.9% respectively.
ALEKS Usage of Mobile and Non-Mobile Students within DISTRICT
This section investigates whether or not there were differences in ALEKS usage between
Mobile and Non-Mobile students during the 2017 – 2018 academic school year. Non-Mobile
students are defined as students who attended one school during the 2017 – 2018 academic school
year. Mobile students are defined as students who changed their math curriculum at least once
during the school year due to transferring between schools. Students’ ALEKS usage was assessed
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according to variables Total Hours, Concepts Mastered, FSSP, and EOYSP. Table 4.3 illustrates
ALEKS usage of Non-mobile students within DISTRICT, whereas Table 4.4 illustrates ALEKS
usage of Mobile students within DISTRICT.
Total Hours. For Non-Mobile students, the mean amount of time students spent on
ALEKS was approximately 8 hr and 16 min, as shown in Table 4.3. Twenty-five percent (25%) of
the Non-mobile student population (or 130 students) spent less than 5 hours on ALEKS.
Approximately fifty percent (50%) of students spent less than 10 hours on the program, and only
twenty-five percent (25%) of students spent more than 12 hours on ALEKS.
For Mobile students, Table 4.4 shows that the mean amount of time students spent on
ALEKS was approximately 3 hr 46 min. During the 2017 – 2018 academic school year, twentyfive percent (25%) of the Mobile student population (or 27 students) spent less than 40 minutes on
ALEKS. Approximately fifty percent (50%) of students spent less than 2 hours on the program,
and only twenty-five percent (25%) of students spent at or more than 4 hours on ALEKS.
According to ALEKS (2019) Best Practices, students need to spend between 3 to 5 hours
a week on ALEKS, which is 30 hours (at minimum) per academic semester or at least 60 hours in
an academic school year. The maximum amount of time that was spent on ALEKS in both groups
was well below the recommended dosage for an academic school year.
Concepts Mastered. As illustrated in Table 4.3, the mean number of concepts Non-Mobile
students mastered on ALEKS was approximately fifty-eight (58). Twenty-five percent (25%) of
the Non-mobile student population mastered only one lesson on ALEKS. Approximately half of
the population mastered at least 34 lessons, and only twenty-five percent (25%) of the population
mastered at least 110 lessons.
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Concerning Mobile students (Table 4.4), the mean number of concepts students mastered
on ALEKS was approximately 20 lessons. Fifty percent (50%) of the Mobile student population
did not master any concepts on ALEKS, and only twenty-five percent (25%) of the population
mastered at least 19 lessons.
FSSP. The mean percentage of skills Non-Mobile students mastered on ALEKS by midyear was approximately 24%, as illustrated in Table 4.3. Twenty-five percent (25%) of the Nonmobile student population did not master any skills on ALEKS by the end of the first semester (or
mid-school year). Approximately 50% of the population mastered at or above 17% percent of
skills on ALEKS, whereas 25% percent of the population mastered at or above 42% percent of
skills on ALEKS.
Concerning Mobile students, Table 4.4 shows that the mean percentage of skills students
mastered on ALEKS by mid-school year was approximately 12%. Twenty-five percent (25%) of
the Mobile student population did not master any skills on ALEKS by mid-school year. Fifty
percent (50%) of students mastered at or less than 1.5% of skills on ALEKS, whereas only 25%
of students mastered at or above 15% of skills on ALEKS.
EOYSP. Table 4.3 indicates that the mean percentage of skills Non-Mobile students
mastered on ALEKS by the end of the academic school year was approximately 36%. Twenty-five
percent (25%) of the Non-mobile student population mastered 17% percent of skills on ALEKS
by the end of the academic school year. Fifty percent (50%) of students mastered at or above 33%
percent of skills on ALEKS, whereas only 25% of students mastered at or above 49% percent of
skills on ALEKS.
Concerning Mobile students, the mean percentage of skills students mastered on ALEKS
by the end of the academic school year was approximately 23%. Twenty-five percent (25%) of the
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Mobile student population mastered approximately 10% of skills on ALEKS by the end of the
academic school year. Fifty percent (50%) of students mastered at or above 16% of skills on
ALEKS, whereas only 25% percent of students mastered at or above 28% of skills on ALEKS.
Table 4.3. ALEKS Usage of Non-Mobile Students within DISTRICT
Total
Concepts
First Semester Skills End-of-Year Skills
Hours / yr
Mastered
Percent
Percent
N
Valid
518
518
518
451
Missing
0
0
0
67
Mean
8:16:38
58.09
24.20
35.54
Median
7:13:00
34.00
17.00
33.00
Mode
0:00:00
0
0
100
Std. Deviation
6:49:00
62.784
24.812
22.942
Range
23:52:00
290
100
99
Minimum
0:00:00
0
0
1
Maximum
23:52:00
290
100
100
Sum
4287:37
30092
12535
16029
Percentiles 25
2:11:45
1.00
.00
17.00
50
7:13:00
34.00
17.00
33.00
75
12:53:30
110.25
42.00
49.00

N Valid
Missing
Mean
Median
Mode
Std.
Deviation
Range
Minimum
Maximum
Sum
Percentiles 25
50
75

Table 4.4. ALEKS Usage of Mobile Students within DISTRICT
Total
Concepts
First Semester Skills
End-of-Year Skills
Hours/yr
Mastered
Percent
Percent
108
108
108
74
0
0
0
34
3:46:51
20.02
11.67
22.74
1:44:00
.00
1.50
15.50
0:00:00
0
0
13a
4:49:28
43.409
19.395
21.662
21:59:00
0:00:00
21:59:00
408:20
0:38:15
1:44:00

221
0
221
2162
.00
.00

100
0
100
1260
.00
1.50

100
0
100
1683
9.75
15.50

4:36:00

18.75

15.75

28.00
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Summary. This section investigated whether or not there were differences in ALEKS
usage between Mobile and Non-Mobile students during the 2017 – 2018 academic school year.
Results indicate that ALEKS usage differed between Mobile and Non-mobile students. NonMobile students typically spent more time and mastered more concepts on ALEKS compared to
Mobile students. Concerning skill mastery, Non-Mobile students typically mastered more skills
on ALEKS by mid-school as well as by the end of the school year compared to Mobile students.
However, both groups failed to meet program usage requirements, particularly concerning the
amount of time spent on the program as recommended by ALEKS (2017).
Measures of Association Between ALEKS Usage Variables and 2018 LEAP Performance
This section investigates the relationship between ALEKS usage variables and 2018 LEAP
mathematics scale scores. For these analyses, students are nested within teachers, and teachers are
nested with schools, which implies a 3-level multi-level model. However, variation associated with
schools was not statistically significant. Therefore, HLM models generated for district-level
analyses were 2-level multi-level models, whereby students were the first level and teachers were
the second level. An hierarchical strategy was employed in which variables were sequentially
added to the model. Each additional model was evaluated in terms of its improvement of the
preceding model based on the Akaike’s Information Criterion (AIC), significance of fixed effects,
and the changes in the intraclass correlation coefficients (ICC values) for class means and within
class student variation in math scores. The AIC criteria was used to compare “the quality of a set
of statistical models to each other” (Statistics Solutions, 2019, para. 1). The ICC value is an index
that compares within-group variability to between-group variability, which determines the strength
of association of data values within the same group (Statistics Solutions, 2019). ICC values for
teacher residuals were calculated as follows: The difference of the variance estimates (i.e., the
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variance estimate attributed to teachers of a particular model and the variance estimate attributed
to teachers from the preceding model) divided by the variance estimate attributed to teachers from
the preceding model.
Similarly, ICC values for student residuals were calculated as follows: The difference of
the residual estimates (i.e., the residual estimate of a particular model and the residual estimate of
its preceding model) divided by the residual estimate of the preceding model.
Four HLM models (namely, Model A, Model B, Model C, and Model D) were generated
to examine the relationship between ALEKS usage variables and 2018 LEAP performance.
•

Model A. Considers all DISTRICT students who used ALEKS.

•

Model B. Considers only DISTRICT students who were enrolled in ALEKS Middle
School Math Course 3 curriculum.

•

Model C. Considers the performance of Non-Mobile and Mobile students.

•

Model D. Considers only Non-Mobile students who were enrolled in ALEKS Middle
School Math Course 3 curriculum.

The purpose of generating Models A, B, C, and D was to examine factors that could
statistically significantly present bias in the results such as student mobility and ALEKS
curriculum differences. Given sufficient sample sizes, a model that controls for influential factors
would provide results that more accurately depict the effectiveness of the ALEKS program.
Model A
Table 4.5 shows that DISTRICT provided 2017 and 2018 LEAP data for a total of 473
students who were exposed to ALEKS. The mean LEAP performance score for 2017 was 716.22,
with a standard deviation of 20.877. Concerning 2018, the mean LEAP performance score was
714.17, with a standard deviation of 30.448.
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ALEKS Usage.

Students spent on average 8 hr 4 min on ALEKS and mastered

approximately 11% of concepts in the ALEKS Middle School Math Course 3 curriculum. The
mean percentage of skills mastered by mid-school year and end-of-year were approximately 23%
and 31% respectively.
Associations between ALEKS usage and LEAP performance. Table 4.6 represents the
HLM generated for Model A, which shows that the addition of predictors 2017 Math LEAP Scale
Score and End-of-Year Skills Percent registered as statistically significant according to
significance of fixed effects.

In fact, the addition of 2017 LEAP performance explained

approximately 29.7% of the variation in 2018 LEAP performance that was associated with teachers
and 70.3% of the variation in 2018 LEAP performance that was associated with students. The
addition of variable EOYSP explained approximately 3.1% of the variation in 2018 LEAP
performance that was associated with teachers and roughly 4.7% of the variation in 2018 LEAP
performance that was associated with students. Moreover, there was a considerable reduction in
the AIC statistic for variable EOYSP compared to the preceding model, which indicates a
significant improvement in model fitness. The remaining ALEKS usage variables Total Hours,
Concepts Mastered, and FSSP did not register as statistically significant.
Model Limitations. A limitation of Model A is that it does not control for different
ALEKS curricula used during the 2017 – 2018 academic school year. Moreover, it does not control
for student mobility.
Table 4.5. Descriptive Statistics for Model A
Std.
Mean
2018 Math LEAP
Scale Score
2017 Math LEAP
Scale Score

Deviation

N

714.17

30.448

473

716.22

20.877

473

lll
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Mean

Std.

N

Deviation
Total Hours
Concepts Mastered
First Semester Skills
Percent
End-of-Year Skills
Percent

2017 Math LEAP
Scale Score

8:04:46

6:19:11

473

10.8

59.456

473

23.03

23.993

473

30.73

23.333

473

Table 4.6. HLM for Model A
Akaike’s
Significance of Intraclass
Information Estimated
Correlation
Criterion
Fixed Effects
(ICC)
(AIC)
Teacher
Residuals
4922.524
.000
0.297

Intraclass
Correlation
(ICC)
Student
Residuals
0.703

Total Hours

4936.305

.135

0.023

0.0065

Concepts
Mastered
First Semester
Skills Percent
End-of-Year
Skills Percent

4936.995

.940

0.023

0.0066

4923.037

.572

0.024

0.02

4075.742

.000

0.031

0.047

Model B
Table 4.7 shows that there was a total of 376 students who were enrolled in ALEKS Middle
School Math Course 3 curriculum for whom 2017 and 2018 LEAP data was provided. The mean
LEAP performance score for 2017 was 716.56, with a standard deviation of 21.297. Concerning
2018, the mean LEAP performance score was 714.59, with a standard deviation of 31.719.
ALEKS Usage: Students spent on average 7 hr 41 min on ALEKS, and mastered
approximately 12% of concepts in the ALEKS Middle School Math Course 3 curriculum. The
mean percentage of skills mastered by mid-school year and end-of-year were approximately 5%
and 6% respectively.
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Associations between ALEKS usage and LEAP performance. Table 4.8 shows the
HLM generated for Model B, which also shows that the addition of predictors 2017 Math LEAP
Scale Score and End-of-Year Skills Percent registered as statistically significant according to
significance of fixed effects. Specifically, the addition of 2017 LEAP performance explained
approximately 35.5% of the variation in 2018 LEAP performance that was associated with teachers
and 64.5% of the variation in 2018 LEAP performance that was associated with students. The
addition of variable EOYSP explained approximately 13.1% of the variation in 2018 LEAP
performance that was associated with teachers and roughly 4.4% of the variation in 2018 LEAP
performance that was associated with students. Moreover, there was a considerable reduction in
the AIC statistic for variable EOYSP compared to the preceding model. Similar to the findings
from Model A, the remaining ALEKS usage variables Total Hours, Concepts Mastered, and FSSP
did not register as statistically significant.
Model Limitations. Although Model B controls for different ALEKS curricula that were
used during the 2017 – 2018 academic school year by focusing on one (Middle School Math
Course 3 curriculum), it does not control for student mobility.
Table 4.7. Model B Descriptive Statistics
Mean
714.59
716.56
7:41:09
11.6
23.23
28.25

2018 Math LEAP Scale Score
2017 Math LEAP Scale Score
Total Hours
Concepts Mastered
First Semester Skills Percent
End-of-Year Skills Percent

Std. Deviation
31.719
21.297
6:35:49
64.217
23.817
23.365

N
376
376
376
376
376
376

Table 4.8. HLM for Model B

2017 Math LEAP
Scale Score
Total Hours

Akaike’s
Information
Criterion
(AIC)
4058.410

Significance of
Estimated
Fixed Effects

4073.082
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0.000

Intraclass
Correlation
(ICC) Teacher
Residuals
0.355

Intraclass
Correlation
(ICC) Student
Residuals
0.645

0.211

0.035

0.0027

Total Hours
Concepts Mastered
First Semester Skills
Percent
End-of-Year Skills
Percent

Akaike’s
Information
Criterion
(AIC)
4073.082
4075.832
4053.063

Significance of
Estimated
Fixed Effects

3243.211

0.211
0.339
0.872

Intraclass
Correlation
(ICC) Teacher
Residuals
0.035
0.078
0.000

Intraclass
Correlation
(ICC) Student
Residuals
0.0027
0.0032
0.045

0.000

0.131

0.0439

Model C
Tables 4.9 – 4.10 concern Mobile students and Non-Mobile students during the 2017 –
2018 academic school year. Table 4.9 illustrates that there was a total of 426 Non-Mobile students,
with a standard deviation of 30.521. Table 4.10 shows that there was a total of 108 Mobile students
who were exposed to ALEKS, with a standard deviation of 25.976. Table 4.11 shows that the mean
difference of 2018 LEAP performance between Mobile and Non-Mobile students were statistically
significant.
Table 4.9. Model C Descriptive Statistics for Non-Mobile Students
2018 Math LEAP Scale Score
N Valid
426
Missing
92
Mean
716.12
Std. Deviation
30.521
Minimum
650
Maximum
788

Table 4.10. Model C Descriptive Statistics for Mobile Students
2018 Math LEAP Scale Score
N Valid
94
Missing
14
Mean
699.69
Std. Deviation
25.976
Minimum
650
Maximum
773
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Table 4.11. Mean Difference of 2018 LEAP Performance between Mobile and Non-Mobile

2018 LEAP Math Scale
Scores for Mobile and
Non-Mobile Students

Group
Classification
Non-Mobile
Students
Mobile
Students

Mean
716.12

Standard
Deviation
30.521

699.69

25.976

Mean
Sig. (2t
Difference tailed)
16.431
0.000
4.846

Non-Mobile students. As illustrated in Table 4.12, the addition of predictors 2017 LEAP
performance explained approximately 28.2% of the variation in 2018 LEAP performance that was
associated with teachers and 71.8% of the variation in 2018 LEAP performance that was associated
with students. Also, the addition of variable EOYSP explained approximately 13.5% of the
variation in 2018 LEAP performance that was associated with teachers and roughly 3% of the
variation in 2018 LEAP performance that was associated with students. Moreover, there was a
reduction in the AIC statistic for variable EOYSP compared to the preceding model, which
indicates that there was an improvement in model fitness. ALEKS usage variables Total Hours,
Concepts Mastered, and FSSP did not register as statistically significant.
Table 4.12. HLM for Non-Mobile Students
Akaike’s
Significance Intraclass
Information of Estimated Correlation
Criterion
Fixed
(ICC)
(AIC)
Effects
Teacher
Residuals
2017 Math LEAP
3259.860
0.000
0.282
Scale Score
Total Hours
3277.588
0.611
0.000
Concepts
3281.840
0.754
0.037
Mastered
First Semester
3276.812
0.754
0.000
Skills Percent
End-of-Year
2916.042
0.001
0.135
Skills Percent

Intraclass
Correlation
(ICC)
Student
Residuals
0.718
0.000
0.000
0.018
0.03

Mobile students. Table 4.13 reveals that the addition of predictors 2017 LEAP
performance explained only 18.2% of the variation in 2018 LEAP performance that was associated
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with teachers and 82.8% of the variation in 2018 LEAP performance that was associated with
students. Also, the addition of variable EOYSP explained 50.6% of the variation in 2018 LEAP
performance that was associated with teachers and roughly 2.6% of the variation in 2018 LEAP
performance that was associated with students. There was a reduction in the AIC statistic for
variable EOYSP compared to the preceding model, which indicates an improvement in model
quality or fitness. ALEKS usage variables Total Hours, Concepts Mastered, and FSSP did not
register as statistically significant.

2017 Math LEAP
Scale Score
Total Hours
Concepts Mastered
First Semester
Skills Percent
End-of-Year Skills
Percent

Table 4.13. HLM for Mobile Students
Akaike’s
Significance Intraclass
Information of Estimated Correlation
Criterion
Fixed
(ICC)
(AIC)
Effects
Teacher
Residuals
705.971
.000
0.182

Intraclass
Correlation
(ICC)
Student
Residuals
0.828

720.798
723.008

.509
.914

0.000
0.033

0.023
0.000

718.613

.218

0.297

0.049

521.303

.028

0.506

0.026

Model D
Table 4.14 illustrates a total of 261 students who were classified as Non-Mobile and
enrolled in ALEKS Middle School Math Course 3. The mean LEAP performance score for 2017
was 718.83, with a standard deviation of 21.946. Concerning 2018, the mean LEAP performance
score was 720.16, with a standard deviation of 32.036.
ALEKS Usage. Illustrated in Table 4.14, students spent on average 9 hr 8 min on ALEKS,
and mastered approximately 15% of concepts in the ALEKS Middle School Math Course 3
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curriculum. The mean percentage of skills mastered by mid-school year and end-of-year were
approximately 6% and 7.1% respectively.
Associations between ALEKS usage and LEAP performance. Table 4.15 shows the
generated HLM for Model D. Table 4.15 reveals that the addition of predictors 2017 LEAP
performance explained 29.8% of the variation in 2018 LEAP performance that was associated with
teachers and 70.3% of the variation in 2018 LEAP performance that was associated with students.
Additionally, the addition of variable EOYSP explained only 62.7% of the variation in 2018 LEAP
performance that was associated with teachers and roughly 4.2% of the variation in 2018 LEAP
performance that was associated with students. The reduction in the AIC statistic for variable
EOYSP indicated an improvement in model quality or fitness. ALEKS usage variables Total
Hours, Concepts Mastered, and FSSP did not register as statistically significant.
Model Limitations. Although Model D controls for different ALEKS curricula that were
used during the 2017 – 2018 academic school year and student mobility, it does not control for
teacher differences.
Table 4.14. Descriptive Statistics for Model D
Mean Std. Deviation
2018 Math LEAP Scale Score
2017 Math LEAP Scale Score
Total Hours
Concepts Mastered
First Semester Skills Percent
End-of-Year Skills Percent

720.16
718.83
9:08:50
14.5
5.9
7.1

32.036
21.946
6:51:33
66.481
24.733
23.948

N
261
261
261
261
261
261

Table 4.15. HLM for Model D
Akaike’s
Information
Criterion
(AIC)

Significance
of Estimated
Fixed Effects

2017 Math LEAP
Scale Score

2570.794

0.000

Intraclass
Correlation
(ICC)
Teacher
Residuals
0.298

Total Hours

2588.509

0.772

0.000
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Intraclass
Correlation
(ICC)
Student
Residuals
0.703
0.000

Akaike’s
Information
Criterion
(AIC)

Significance
of Estimated
Fixed Effects

Concepts Mastered
First Semester Skills
Percent

2593.815
2584.958

0.302
0.771

Intraclass
Correlation
(ICC)
Teacher
Residuals
0.035
0.000

End-of-Year Skills
Percent

2231.867

0.003

0.627

Intraclass
Correlation
(ICC)
Student
Residuals
0.0037
0.026
0.0421

Summary
In this section, a general description of district-wide ALEKS usage was provided in relation
to the following ALEKS usage variables: Total Hours, Concepts Mastered, FSSP, and EOYSP.
The purpose of generating models A, B, C, and D was to determine which variables to consider as
control variables for the teacher-level analysis. The control variables are as follows:
•

Different ALEKS courses used. Model B addressed this issue but could not control for
student mobility and teacher differences.

•

Student mobility. Model C revealed that there were statistically significant differences
between the performance of Mobile and Non-Mobile students in relation to ALEKS
performance as well as LEAP performance.

•

Teacher differences. Model D controlled for student mobility but could not control for
teacher differences. HMR models will be generated for teacher in subsequent sections to
address teacher differences.
Concerning Mobile and Non-Mobile students, reasons justifying the distinction between

them are as follows:
•

Differences in ALEKS usage between Mobile and Non-Mobile students were statistically
significant. Large sample sizes made it possible for between-group comparisons.

•

There was a significant difference in the ALEKS program’s impact on both groups. Results
from Tables 4.12 and 4.13 indicate that predictors 2017 LEAP performance scores and
EOYSP registered as statistically significant. In relation to predictor EOYSP, higher ICC
values for Mobile students indicate higher similarity in student performance associated
with teacher differences compared to Non-Mobile students. For Non-Mobile students,
ALEKS performance in relation to variable EOYSP was less similar amongst teachers
compared to Mobile students.
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•

Mean differences of 2018 LEAP performance scores between the two groups were
statistically significant. Results were generated from an Independent Samples T-Test,
which revealed that between-group mean differences were statistically significant, as
illustrated in Table 4.11.
Additionally, Non-Mobile students spent considerably more time on ALEKS and mastered

more skills and concepts on ALEKS by mid-school year compared to Mobile students. Mean
scores differences on the 2018 LEAP Mathematics assessment were statistically significant.
Considering that student mobility appeared to have made a statistically significant impact
on student performance, statistical methods used to address the research questions in this study
will control for Mobile students and only consider Non-Mobile students who were enrolled in
ALEKS Middle School Math Course 3 during the 2017 – 2018 academic school year. Moreover,
since the focus of this study was on differences that occurred amongst students within classes, I
anticipated that the processes operating within classes might be different. Given that some class
sizes were small, class-to-class differences could possibly be obscured with HLM analyses.
Therefore, for teacher-level analyses, HMR models were generated to explore the effects of
ALEKS usage variables on LEAP performance without the influence of teacher effectiveness.
However, in some cases, HMR analyses were conducted on insufficient sample sizes. For those
cases, results should be interpreted with caution.
Teacher Level Analyses
This section presents teacher level analysis. The analyses were as follows:
1) ANCOVA was used to determine whether or not mean differences between teachers were
statistically significant after the removal of a covariate found to have a statistically
significant effect on 2018 LEAP performance.
2) HMR models were generated for each teacher to determine whether or not the addition of
ALEKS usage variables statistically significantly improved the prediction of 2018 LEAP
performance beyond 2017 LEAP performance.
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In the following sections, data analysis will only concern Non-mobile students who were
enrolled in Middle School Math Course 3, which is the ALEKS curriculum for eighth-grade
mathematics. The purpose of focusing on this subgroup is to assess the impact of the ALEKS
program on students’ mathematics performance, while controlling for student mobility and
curriculum differences. Additionally, regression models are generated for each teacher to control
for teacher differences. That way, one can determine where ALEKS made the greatest impact on
student performance.
Note that teachers who had group sizes fewer than 10 students were not included in the
analysis.

Additionally, due to DISTRICT restrictions, teacher-level analysis was primarily

conducted on DISTRICT teachers who could be matched with an ALEKS survey administered by
the researcher. The five teachers who could be matched with DISTRICT data are referred to as T1,
T2, T3, T4, and T5.
Research Question One
According to ALEKS (2019) Best Practices, students should spend at least three (3) hours
a week on ALEKS (or at least 60 hours during an academic school year) in order to maximize
program benefits on student learning (para. 2). In the section entitled Eighth-Grade Students’
ALEKS Usage within DISTRICT, the amount of time students spent on ALEKS was far below
company recommendations. An HMR model was also generated for each teacher to explore the
relationship between the total amount of time students spent on ALEKS and 2018 LEAP scores.
Research Question One. Is there a relationship between the amount of time students spent
on ALEKS and their performance on the 2017 – 2018 LEAP 2025 mathematics assessment when
we control for prior LEAP performance?
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T1
An HMR model was generated for T1 to determine if the addition of Total Hours improved
the prediction of 2018 LEAP mathematics scores beyond 2017 LEAP mathematics scores. The
sample size for T1 was 38 students. Tables 4.16 and 4.17 indicate that Model 1 was statistically
significant, R2 = 0. 427, F(1, 37) = 27.610, p < 0.05, adjusted R2 = 0. 412. The addition of Total
Hours (Model 2) did not statistically significantly improve the prediction of Model 1 beyond prior
LEAP performance, R2 = 0. 432, F(2, 36) = 13.679, p > 0.05, adjusted R2 = 0. 400.
Table 4.16. Model Summary for T1 concerning the Impact of Total Hours
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square Estimate
Change Change df1 df2 Change
a
.000
1
.654
.427
.412
17.794
.427 27.610
1 37
.598
2
.657b
.432
.400
17.969
.004
.283
1 36
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
c. Dependent Variable: 2018 LEAP Math Scale Scores
Table 4.17. ANOVA Analysis for T1 concerning the Impact of Total Hours
Model
Sum of Squares
df
Mean Square
F
Sig.
1 Regression
8741.969 1
8741.969 27.610 .000b
Residual
11715.262 37
316.629
Total
20457.231 38
2 Regression
8833.292 2
4416.646
Residual
11623.938 36
322.887
Total
20457.231 38
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours

13.679

.000c

Time spent on ALEKS overall. As illustrated in Table 4.18, the average time spent on
the program was approximately 7h 58 min. Students at the 75th percentile spent at least 10 hr 35
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min on ALEKS. However, this is far below the minimum requirements for an academic school
year (i.e., 60 hours).
Table 4.18. Total Hours Spent on ALEK for T1
Total Hours
N
Valid
61
Missing
0
Mean
7:58
Minimum
0:00
Maximum
22:48
Percentiles 25
5:08
50
7:42
75
10:35
T2
T2 had a sample size of 51 students. Tables 4.19 and 4.20 indicate that Model 1 was
statistically significant, R2 = 0. 338, F(1, 50) = 25.472, p < 0.05, adjusted R2 = 0. 324. The addition
of Total Hours (Model 2) did not statistically significantly improve the prediction of Model 1, R2
= 0. 352, F(2, 49) = 13.320, p > 0.05, adjusted R2 = 0. 326.
Table 4.19. Model Summary for T2 concerning the Impact of Total Hours
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square Estimate
Change
Change df1 df2 Change
a
.000
1
.581
.338
.324
20.418
.338 25.472
1 50
.297
2
.593b
.352
.326
20.395
.015
1.111
1 49
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
c. Dependent Variable: 2018 LEAP Math Scale Scores
Table 4.20. ANOVA Analysis for T2 concerning the Impact of Total Hours
Model
1 Regression
Residual
Total

Sum of Squares
10618.707
20843.812
31462.519

df

Table continued.
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1
50
51

Mean Square
10618.707
416.876

F
25.472

Sig.
.000b

Model
Sum of Squares
df
Mean Square
Regression
11080.692
2
5540.346
2
Residual
20381.827 49
415.956
Total
31462.519 51
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours

F
13.320

Sig.
.000c

Time spent on ALEKS overall. Table 4.21 shows that the average time spent on the
program was 12 hr 10 min. The maximum amount of time spent on ALEKS was approximately
22 hr 15 min, which is approximately thirty-seven percent (37%) of the recommended dosage
during an academic school year.
Table 4.21. Total Hours Spent on ALEK for T2
Total
Hours
N
Valid
57
Missing
Mean

0
12:10

Minimum

0:00

Maximum

22:15

Percentiles 25

6:49

50
75

13:05
17:47

T3
The sample size for T3 was 25 students. Tables 4.22 and 4.23 show that Model 1 (i.e., 2017
LEAP Math Scale Scores) was a statistically significant predictor of 2018 LEAP performance
scores, R2 = 0. 156, F(1, 24) = 4.433, p < 0.05, adjusted R2 = 0.121. The addition of Total Hours
(Model 2) did not statistically significantly improve the prediction of Model 1, R2 = 0. 176, F(2,
23) = 2.456, p > 0.05, adjusted R2 = 0.104.
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Table 4.22. Model Summary for T3 concerning the Impact of Total Hours
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square Estimate
Change
Change df1 df2 Change
.046
1
.395a
.156
.121
21.096
.156
4.433
1 24
.462
2
.419b
.176
.104
21.292
.020
.560
1 23
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
c. Dependent Variable: 2018 LEAP Math Scale Scores
Table 4.23. ANOVA Analysis for T3 concerning the Impact of Total Hours
Model
Sum of Squares
df
Mean Square
F
Sig.
1 Regression
1972.737
1
1972.737
4.433
.046b
Residual
10681.301 24
445.054
Total
12654.038 25
2 Regression
2226.780
2
1113.390
2.456
.108c
Residual
10427.258 23
453.359
Total
12654.038 25
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
Time spent on ALEKS overall. The average amount of time spent on the program was
approximately 10 hr 42 min. Twenty-three (23) hours and forty (40) minutes was the maximum
amount of time spent on ALEKS, which is roughly thirty-eight percent (38%) of recommended
program dosage.
Table 4.24. Total Hours Spent on ALEK for T3

Mean
Minimum

Total Hours
32
0
10:42
5:00

Maximum

23:40

N

Valid
Missing

Percentiles 25

7:51

50

10:31

75

14:12
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T4
T4 had a sample size of 37 students. Tables 4.25 and 4.26 indicate that the addition of Total
Hours (Model 2) did not statistically significantly improve the prediction of Model 1, R2 = 0. 194,
F(2, 35) = 4.217, p > 0.05, adjusted R2 = 0. 148.
Table 4.25. Model Summary for T4 concerning the Impact of Total Hours
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square Estimate
Change
Change df1 df2 Change
.024
1
.365a
.133
.109
20.158
.133
5.545
1 36
.113
2
.441b
.194
.148
19.715
.061
2.637
1 35
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
c. Dependent Variable: 2018 LEAP Math Scale Scores
Table 4.26. ANOVA Analysis for T4 concerning the Impact of Total Hours
Model
Sum of Squares
df
Mean Square
F
Sig.
1 Regression
2253.326
1
2253.326
5.545
.024b
Residual
14628.989 36
406.361
Total
16882.316 37
2 Regression
3278.169
2
1639.085
Residual
13604.147 35
388.690
Total
16882.316 37
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours

4.217

.023c

Time spent on ALEKS overall. Concerning the amount of time students spent on ALEKS,
the average amount of time spent on the program was approximately 10 hr 22 min. The most
amount of time spent on the program was 23 hr 24 min. Students at the 25th , 50th , and 75th spent
6 hr 23 min, 9 hr 13 min, and 11 hr 54 min on ALEKS respectively.
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Table 4.27. Total Hours Spent on ALEK for T4
Total Hours
N
Valid
46
Missing
0
Mean
10:22
Minimum
4:21
Maximum
23:45
Percentiles 25
6:23
50
9:13
75

11:54

T5
Tables 4.28 and 4.29 show that the addition of Total Hours (Model 2) did not statistically
significantly improve the prediction of Model 1 beyond prior LEAP performance, R2 = 0. 007, F(1,
15) = .055, p = 0.812. However, one must proceed with caution in the interpretation of these
results: The HMR model generated for T5 assessed 17 students, and there were fewer than 15 –
20 cases per independent variable. This model lacks sufficient power for detecting statistical
significance.
Table 4.28. Model Summary for T5 concerning the Impact of Total Hours
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square Estimate
Change
Change df1 df2 Change
.819
1
.058a
.003
-.059
12.485
.003
.054
1 16
.812
2
.085b
.007
-.125
12.869
.004
.059
1 15
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours
c. Dependent Variable: 2018 LEAP Math Scale Scores
Table 4.29. ANOVA Analysis for T5 concerning the Impact of Total Hours
Model
1 Regression
Residual
Total

Sum of Squares

df
8.431

1

2494.069
2502.500

16
17

Table continued.
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Mean Square
8.431
155.879

F
.054

Sig.
.819b

Model

2

Regression

Sum of Squares

df

Mean Square

18.145

2

9.072

Residual

2484.355

15

165.624

Total

2502.500

17

F
.055

Sig.
.947c

a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours

Time spent on ALEKS overall. Concerning the amount of time students spent on ALEKS,
the average amount of time spent on the program was approximately three (3) hours. The most
amount of time spent on the program was five (5) hours and one (1) minute.
Table 4.30. Total Hours Spent on ALEK for T5
Total Hours
N
Valid
36
Missing
0
Mean
1:12
Minimum
0:00
Maximum
5:05
Percentiles 25
0:00:00
50
1:00:30
75
1:46:00

Summary
For each teacher, results indicate that the addition of the ALEKS usage variable Total
Hours did not make a statistically significant improvement in predicting students’ 2018 LEAP
performance scores beyond LEAP performance from the previous school year. Tables illustrating
the amount of time students spent on ALEKS indicate that even the maximum amount of time that
was spent on the program was far below company recommendations for program dosage during
an academic school year (60 hours). Overall, the amount of time spent on ALEKS did not produce
a statistically significant mean impact on student achievement in these classrooms.
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Research Question Two
According to LDE LEAP 2025 ELA, Math, and Social Studies 2018 Interpretive Guide,
LEAP 2025 assessments administered within DISTRICT for eighth-grade mathematics have been
designed according to the following criteria:
1) To assess students’ conceptual understanding, procedural fluency, and application of
mathematics concepts (referred to as Type I tasks). Type I tasks comprised sixty-one
percent (61%) of the 2017 – 2018 LEAP assessment.
2) To assess students’ mathematical reasoning abilities (referred to as Type II tasks), which
comprised twenty-one percent (21%) of the 2017 – 2018 LEAP assessment.
3) To assess students’ ability to construct models of real-world situations (referred to as Type
III tasks). Type III tasks comprised eighteen percent (18%) of the 2017 – 2018 LEAP
assessment.
Concepts mastered on ALEKS constitute the basic progress through the ALEKS
curriculum. Fortuitously, the curriculum focuses mostly on the basics of concepts, procedures, and
applications that formed the core of the 2018 LEAP assessment.
Research Question Two. Is there a relationship between the percentage of concepts
students mastered on ALEKS and their performance on the 2017 – 2018 LEAP 2025 mathematics
assessment when we control for prior LEAP performance?
The purpose of this question is to examine the impact of the percentage of concepts students
mastered on ALEKS and their 2018 LEAP mathematics performance. To determine the impact of
the variable Concepts Mastered on 2018 LEAP performance for each teacher, an HMR model was
generated for T1, T2, T3, T4, and T5. Results are as follows:
T1
An HMR model was generated for T1 to determine if the addition of variable Concepts
Mastered improved the prediction of 2018 LEAP mathematics scores beyond 2017 LEAP
mathematics scores. Tables 4.31 and 4.32 show that the addition of Concepts Mastered (Model 2)
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did not statistically significantly improve the prediction of Model 1, R2 = 0. 551, F(1, 33) = 20.276,
p > 0.05, adjusted R2 = 0.524.
Table 4.31. Model Summary for T1 concerning the Impact of Concepts Mastered
Change Statistics
Change
R
Std. Error
Statistics
Square
F
R
Adjusted
of the
Sig. F
Model R Square R Square Estimate Change Change df1 df2 Change
.000
1
.738a
.545
.532
15.495
.545 40.746 1 34
.504
2
.743b
.551
.524
15.620
.006
.457 1 33
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Table 4.32. ANOVA Analysis for T1 concerning the Impact of Concepts Mastered
Model
Sum of Squares
df Mean Square
F
Sig.
1 Regression
9782.981 1
9782.981 40.746 .000b
Residual
8163.325 34
240.098
Total
17946.306 35
2 Regression
9894.378 2
4947.189 20.276 .000c
Residual
8051.927 33
243.998
Total
17946.306 35
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Concepts mastered overall. Table 4.33 shows that the mean percentage of concepts
mastered was 4% of the ALEKS (2017) Middle School Math Course 3 curriculum. The percentage
of concepts students mastered at the 75th percentile was approximately 6% of the ALEKS (2017)
Middle School Math Course 3 curriculum. The greatest percentage of concepts mastered was
approximately 17% of the ALEKS (2017) Middle School Math Course 3 curriculum.
Table 4.33. Concepts Mastered on ALEK for T1
Concepts Mastered (%)
N Valid
40
Missing
0
Table continued.
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Concepts Mastered (%)
Mean
4
Minimum
0
Maximum
16.8
Percentiles 25
2
50
4
75
5.8
T2
The HMR model generated for T2 (Tables 4.34 and 4.35) shows that the addition of
Concepts Mastered (Model 2) did not statistically significantly improve the prediction of 2018
LEAP Performance beyond prior LEAP performance, R2 = 0. 340, F(2, 49) = 12.641, p > 0.05,
adjusted R2 = 0. 313.
Table 4.34. Model Summary for T2 concerning the Impact of Concepts Mastered
Change Statistics
Change
Std. Error
Statistics
R
Adjusted
of the
R Square
F
Sig. F
Model R Square R Square
Estimate
Change Change df1 df2 Change
a
.000
1
.581
.338
.324
20.418
.338 25.472 1 50
.648
2
.583b
.340
.313
20.581
.003
.211 1 49
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Table 4.35. ANOVA Analysis for T2 concerning the Impact of Concepts Mastered
Model
Sum of
df
Mean Square
F
Sig.
Squares
1
Regression
10618.707
1
10618.707
25.472
.000b
Residual
20843.812
50
416.876
Total
31462.519
51
2
Regression
10708.212
2
5354.106
12.641
.000c
Residual
20754.307
49
423.557
Total
31462.519
51
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
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Concepts mastered overall. Table 4.36 shows that the mean percentage of concepts
mastered was 20% of the ALEKS (2017) Middle School Math Course 3 curriculum. The
percentage of concepts students mastered at the 75 th percentile was approximately 32% of the
ALEKS (2017) Middle School Math Course 3 curriculum. The greatest percentage of concepts
mastered was 52% of the ALEKS (2017) Middle School Math Course 3 curriculum.
Table 4.36. Concepts Mastered on ALEK for T2
Concepts
Mastered
(%)
N
Valid
57
Missing
0
Mean
20
Minimum
0
Maximum
52
Percentiles 25
9.8
50
15.9
75
32.3
T3
The HMR model generated for T3 (in Table 4.37 and 4.38) indicates that the addition of
Concepts Mastered (Model 2) led to a statistically significant improvement in R2 of 0.234, F(1,
23) = 8.831, p < 0.05. This indicates that the addition of variable Concepts Mastered improved
the prediction of 2018 LEAP performance beyond prior LEAP performance by 23.4%.
Table 4.37. Model Summary for T3 concerning the Impact of Concepts Mastered
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.046
1
.395a
.156
.121
21.096
.156
4.433 1 24
b
.007
2
.625
.390
.337
18.318
.234
8.831 1 23
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
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Model
1

2

Table 4.38. ANOVA Analysis for T3 concerning the Impact of Concepts Mastered
Sum of Squares
df
Mean Square
F
Sig.
Regression
1972.737
1
1972.737
4.433
.046b
Residual
10681.301
24
445.054
Total
12654.038
25
Regression
4936.142
2
2468.071
7.355
.003c
Residual
7717.897
23
335.561
Total
12654.038
25

a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Concepts mastered overall. Table 4.39 shows that the mean percentage of concepts
mastered was approximately 24% of the ALEKS (2017) Middle School Math Course 3 curriculum.
The percentage of concepts students mastered at the 75th percentile was approximately 34% of the
ALEKS (2017) Middle School Math Course 3 curriculum. The greatest percentage of concepts
mastered was 64% of the ALEKS (2017) Middle School Math Course 3 curriculum.
Table 4.39. Concepts Mastered on ALEK for T3
Concepts
Mastered
N

Valid
Missing

Mean
Minimum

32
0
24.3
1

Maximum
Percentiles 25
50
75

64
10.7
19.7
34

T4
The HMR model generated for T4 (in Table 4.40) shows that the addition of Concepts
Mastered (Model 2) did not statistically significantly improve the prediction of Model 1, R2 =
0.167, F(2, 35) = 3.520, p > 0.05, adjusted R2 = 0. 120.
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Table 4.40. Model Summary for T4 concerning the Impact of Concepts Mastered
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
a
.024
1
.365
.133
.109
20.158
.133
5.545 1 36
b
.240
2
.409
.167
.120
20.039
.034
1.429 1 35
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Table 4.41. ANOVA Analysis for T4 concerning the Impact of Concepts Mastered
Model
Sum of Squares
df
Mean Square
F
1
Regression
2253.326
1
2253.326
5.545
Residual
14628.989
36
406.361
Total
16882.316
37
2
Regression
2827.089
2
1413.544
3.520
Residual
14055.227
35
401.578
Total
16882.316
37

Sig.
.024b

a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Concepts mastered overall. Table 4.42 shows that the mean percentage of concepts
mastered was approximately 11% of the ALEKS (2017) Middle School Math Course 3 curriculum.
The percentage of concepts students mastered at the 75 th percentile was approximately 13.5% of
the ALEKS (2017) Middle School Math Course 3 curriculum. The greatest percentage of concepts
mastered was 42.2% of the ALEKS (2017) Middle School Math Course 3 curriculum.
Table 4.42. Concepts Mastered on ALEK for T4
N
Mean
Minimum
Maximum
Percentiles

25

Concepts Mastered
46
0
10.7
0
42.2
6

50

9

75

13.4

Valid
Missing
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.040c

T5
The HMR model generated for T5 (Tables 4.43 and 4.44) indicates that the addition of
Concepts Mastered (Model 2) did not statistically significantly improve the prediction of Model 1
beyond prior LEAP performance, R2 = 0. 004, F(1, 15) = 0. 029, p = 0.937. However, proceed
with caution in the interpretation of the results: This HMR model assessed 17 students, and there
were fewer than 15 – 20 cases per independent variable. This model lacks sufficient power for
detecting statistical significance.
Table 4.43. Model Summary for T5 concerning the Impact of Concepts Mastered
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.819
1
.058a
.003
-.059
12.485
.003
.054 1 16
.937
2
.062b
.004
-.129
12.892
.000
.006 1 15
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Table 4.44. ANOVA Analysis for T5 concerning the Impact of Concepts Mastered
Model
Sum of Squares
df
Mean Square
F
Sig.
1 Regression
8.431 1
8.431 .054 .819b
Residual
2494.069 16
155.879
Total
2502.500 17
2 Regression
9.497 2
4.749 .029 .972c
Residual
2493.003 15
166.200
Total
2502.500 17
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Concepts Mastered
Concepts mastered overall. Table 4.45 shows that the mean percentage of concepts
mastered was 1% of the ALEKS (2017) Middle School Math Course 3 curriculum. The percentage
of concepts students mastered at the 75th percentile was approximately 1% of the ALEKS (2017)
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Middle School Math Course 3 curriculum. The greatest percentage of concepts mastered was
approximately 1.7% of the ALEKS (2017) Middle School Math Course 3 curriculum.
Table 4.45. Concepts Mastered on ALEK for T5
Concepts Mastered (%)
N
Valid
36
Missing
0
Mean
1
Minimum
0
Maximum
7.9
Percentiles 25
0
50
0
75
1

Summary
An HMR model was generated for each teacher to determine whether or not students’
mastery of concepts on ALEKS led to a statistically significant improvement in student
performance. For T3, we found that the addition of the variable Concepts Mastered led to a
statistically significant improvement in the prediction of students’ 2018 LEAP performance scores
beyond 2017 LEAP performance scores. For the other teachers, results indicate that the addition
of the variable Concepts Mastered did not lead to a statistically significant improvement in the
prediction of students’ 2018 LEAP performance scores beyond 2017 LEAP performance scores.
Tables indicate that the percentage of concepts mastered during the 2017 – 2018 academic school
year for each of these four teachers was not enough to make a statistically significant improvement
in student achievement.
Research Question Three
This section will investigate whether or not the collective impact of time spent on ALEKS
and percentage of concepts mastered actually made a difference in student learning outcomes.
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Research Question Three. Is there a relationship between concepts mastered on ALEKS,
time spent on ALEKS, and 2017 – 2018 LEAP 2025 exam scores when we control for prior LEAP
performance?
The purpose of this question is to examine the collective impact of variables Total Hours
and Concepts Mastered on 2018 LEAP performance for each teacher. An HMR model was
generated for teachers T1, T2, T3, T4, and T5. Results are as follows:
T1
As illustrated in Tables 4.46 and 4.47, the addition of Total Hours and Concepts Mastered
(Model 2) did not statistically significantly improve the prediction of Model 1, R2 = 0. 562, F(3,
32) = 13.660, p > 0.05, adjusted R2 = 0.520.
Table 4.46. Model Summary: The Impact of Total Hours and Concepts Mastered for T1
Change Statistics
Change
Std. Error
R
Statistics
R
Adjusted
of the
Square
F
Sig. F
Model R Square R Square Estimate Change Change df1 df2 Change
.000
1
.738a
.545
.532
15.495
.545 40.746 1 34
.556
2
.749b
.562
.520
15.681
.016
.598 2 32
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts
Mastered
Table 4.47. ANOVA Model: The Impact of Total Hours and Concepts Mastered for T1
Sum of
Model
Squares
df
Mean Square
F
Sig.
Regression
9782.981
1
9782.981
40.746
.000b
1
Residual
8163.325
34
240.098
Total
17946.306
35
Regression
10077.314
3
3359.105
13.660
.000c
2
Residual
7868.991
32
245.906
Total
17946.306
35
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
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T2
The addition of Total Hours and Concepts Mastered (Model 2) in Tables 4.48 and 4.49 did
not statistically significantly improve the prediction of Model 1, R2 = 0. 357, F(2, 48) = 8.896, p >
0.05, adjusted R2 = 0. 317.
Table 4.48. Model Summary: The Impact of Total Hours and Concepts Mastered for T2
Change Statistics
Change
Std. Error
R
Statistics
R
Adjusted
of the
Square
F
Sig. F
Model
R Square R Square Estimate Change Change df1 df2 Change
.000
1
.581a
.338
.324
20.418
.338 25.472 1 50
2

.598b

.357

.317

20.524

.020

.740

2 48

.482

a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts
Mastered
Table 4.49. ANOVA Model: The Impact of Total Hours and Concepts Mastered for T2
Sum of
Model
Squares
df
Mean Square
F
Sig.
1
Regression
10618.707
1
10618.707
25.472
.000b
Residual
20843.812
50
416.876
Total
31462.519
51
2
Regression
11242.302
3
3747.434
8.896
.000c
Residual
20220.217
48
421.255
Total
31462.519
51
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts
Mastered
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T3
The addition of Total Hours and Concepts Mastered (Model 2) shown in Tables 4.50 and
4.51 statistically significantly improved the prediction of Model 1, R2 = 0. 413, F(3, 22) = 5.160,
p < 0.05, adjusted R2 = 0.333. However, one must proceed with caution in reading the results: The
HMR model generated for T3 assessed 25 students with fewer than 10 – 20 cases per independent
variable. The sample size was insufficient for obtaining sufficient power for detecting statistical
significance.
Table 4.50. Model Summary: The Impact of Total Hours and Concepts Mastered for T3
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.046
1
.395a
.156
.121
21.096
.156
4.433 1 24
.018
2
.643b
.413
.333
18.374
.257
4.819 2 22
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
Table 4.51. ANOVA Analysis: The Impact of Total Hours and Concepts Mastered for T3
Model
Sum of Squares
df
Mean Square
F
Sig.
1
Regression
1972.737
1
1972.737
4.433
.046b
Residual
10681.301
24
445.054
Total
12654.038
25
2
Regression
5226.656
3
1742.219
5.160
.007c
Residual
7427.382
22
337.608
Total
12654.038
25
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
T4
Tables 4.52 and 4.53 show that the addition of Total Hours and Concepts Mastered (Model
2) did not statistically significantly improve the prediction of Model 1 beyond prior LEAP
performance, R2 = 0. 167, F(2, 35) = 3.520, p > 0.05, adjusted R2 = 0. 120.
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Table 4.52. Model Summary: The Impact of Total Hours and Concepts Mastered for T4
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.024
1
.365a
.133
.109
20.158
.133
5.545 1 36
b
.240
2
.409
.167
.120
20.039
.034
1.429 1 35
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
Table 4.53. ANOVA Analysis: The Impact of Total Hours and Concepts Mastered for T4
Model
Sum of Squares
df
Mean Square
F
Sig.
1
Regression
2253.326
1
2253.326
5.545
.024b
Residual
14628.989
36
406.361
Total
16882.316
37
2
Regression
2827.089
2
1413.544
3.520
.040c
Residual
14055.227
35
401.578
Total
16882.316
37
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
T5
As illustrated in Tables 4.54 and 4.55, the addition of Total Hours and Concepts Mastered
(Model 2) did not statistically significantly improve the prediction of Model 1 beyond prior LEAP
performance, R2 = 0. 035, F(2, 15) = 0.168, p = 0.916. However, conclude with caution: The
HMR model generated for T5 assessed 18 students, which is fewer than 10 – 20 cases per
independent variable. Therefore, this model lacks sufficient power for detecting statistical
significance.
Table 4.54. Model Summary: The Impact of Total Hours and Concepts Mastered for T5
Change Statistics

Model
R
1
.058a

R
Square
.003

Adjusted R Std. Error of the
Square
Estimate
-.059
12.485

Table continued.
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Change
R Square
F
Statistics Sig.
Change
Change df1 df2 F Change
.003
.054 1 17
.819

Change Statistics
R
Model R Square
.187b

2

Adjusted R
Square
.035

Std. Error of
the Estimate
-.172

R Square
Change
13.135

F
Change Statistics
Change df1 df2 Sig. F Change
.799
.031
.228
2
15

a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered

Table 4.55. ANOVA Analysis: The Impact of Total Hours and Concepts Mastered for T5
Model
Sum of Squares
df
Mean Square
F
Sig.
1
Regression
8.431
1
8.431
.054 .819b
Residual
2494.069
16
155.879
Total
2502.500
17
2
Regression
87.098
3
29.033
.168 .916c
Residual
2415.402
14
172.529
Total
2502.500
17
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores,
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, Total Hours, Concepts Mastered
Summary. Concerning statistical significance, results in this section are similar to results
in the previous section (i.e., Research Question Two). An HMR model was generated for each
teacher to investigate whether or not the collective impact of ALEKS usage variables Total Hours
and Concepts Mastered led to a statistically significant improvement in the prediction of students’
LEAP performance beyond prior LEAP performance. For T3, the percentage of concepts mastered
registered as statistically significant. In contrast, for the remaining teachers, the percentage of
concepts mastered did not register as statistically significant. Concerning the collective impact of
variables Total Hours and Concepts Mastered, none of the findings registered as statistically
significant.
The Effect of FSSP and EOYSP on 2018 LEAP Performance
In this section, two additional ALEKS usage variables were tested for statistical
significance, FSSP and EOYSP. The purpose of investigating the impact of these variables on
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2018 LEAP performance is to determine whether or not the addition of these variables improved
the prediction of 2018 LEAP mathematics scores beyond 2017 LEAP mathematics scores. To
determine this, HMR models were generated for teachers T1, T2, T3, T4 and T5. However, these
teachers were first ranked into two groups according to their adjusted mean statistic from
ANCOVA analysis: HSA and LSA. The purpose of ranking teachers into groups HSA and LSA
is to determine whether or not there were differences in how their students used ALEKS.
How the HSA and the LSA Groups were Determined
The adjusted mean statistic generated for each teacher served the following purposes:
1) To get a more accurate estimate of students’ average 2018 LEAP performance for each
teacher by removing a strong statistically significant covariate (2017 LEAP performance).
2) To rank teachers into two groups, HSA and LSA. ALEKS usage in the HSA group may
inform DISTRICT where the program was most beneficial or how it was better utilized.
ANCOVA, also referred to as General Linear Model (GLM) in SPSS, was used to generate
the simple mean statistic and the adjusted mean statistic for each teacher. The simple mean statistic
is the mean statistic prior to the removal of the covariate. It is also referred to as the unadjusted
mean. The adjusted mean, referred to as Estimated Marginal Means (EMM) in SPSS, is the
recalculated mean statistic after a covariate is removed from the model.
Table 4.56 shows that the variable 2017 LEAP Math Scale Scores had a strong statistically
significant impact on the dependent variable 2018 LEAP Math Scale Scores, F(1, 304) = 402.272,
p = 0.000.
Table 4.56. The Association between 2017 LEAP Performance and 2018 LEAP Performance
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.000
1
.755a
.570
.568
21.586
.570 402.272 1 304
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
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With 2017 LEAP as a covariate, Table 4.57 presents the adjusted means for each teacher.
These are the mean 2018 LEAP scores adjusted for 2017 LEAP scores (Hinkle, Wiersma, & Jurs,
2003).
Table 4.57. EMMs of 2018 LEAP Math Scale Scores for T1, T2, T3, T4, and, T5

TeacherID
T1
T2
T3
T4
T5

Mean
726.10
698.52
714.38
703.98
692.06

Std. Deviation
24.301
25.022
23.102
20.122
22.073

N
40
67
34
49
48

Teachers were ranked from the highest EMM to the lowest EMM as follows: T1 (726.10),
T3 (714.38), T4 (703.98), T2 (698.52), and T5 (692.06). Pairwise comparisons were used to
determine whether or not group differences were statistically significant. First, mean differences
were compared between T1 (who had the highest EMM) and T3 (who had the second highest
EMM). Results from Table 4.58 indicate that mean differences were not statistically significant
between T1 and T3. However, mean differences were statistically different between T1 and T4
(who had the third highest mean). Therefore, T1 and T3 were placed in the HSA group. Teacher
T4, including the remaining teachers with lower EMMs, were placed in the LSA group.
Table 4.58. Pairwise Comparisons between T1 and the Remaining Teachers
95% Confidence
Interval for Differenceb
(I)
(J)
Mean
Std.
Lower
Upper
b
Teacher TeacherIDs Difference (I-J) Error Sig.
Bound
Bound
*
T1
T4
8.927
4.267 .038
.521
17.333
*
T5
16.012
4.445 .000
7.255
24.769
*
T2
15.607
3.989 .000
7.747
23.467
T3
5.730 4.496 .204
-3.129
14.589
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Teacher-level Analysis concerning the Impact of FSSP on LEAP Performance in HSA
T1. The HMR model generated for T1 in Tables 4.59 and 4.60 show that the percentage
of skills students mastered by mid-school year (i.e., FSSP) led to a statistically significant
improvement in the prediction of 2018 LEAP mathematics scores beyond prior LEAP
performance, R2 = 0.591, F(2, 37) = 26.698, p < 0.05, adjusted R2 = 0.569. This indicates that the
addition of variable FSSP statistically significantly improved the LEAP score prediction of Model
1 by 10.1%. Moreover, the standardized beta coefficient of 0.336 (p-value < 0.05) indicates a
positive moderately strong statistically significant correlation between first semester skill mastery
and LEAP performance (see Table I.1 in Appendix I). This also suggests that for roughly every
three-tenths percent of skills mastered on ALEKS, students typically gained a scale point on the
2018 LEAP mathematics assessment.
Table 4.59. Model Summary for T1 concerning First Semester Skills Percent
Change Statistics
Model

R

R Square

Adjusted R

Std. Error of the

R Square

Square

Estimate

Change

1

.700

a

.490

.477

17.578

.490

2

.769b

.591

.569

15.962

.101

F Change

df1

36.537
9.085

1
1

Change
Statistics Sig. F
df2 Change
.000
38
.005
37

a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent

Model

1

Table 4.60. ANOVA Analysis for T1 concerning First Semester Skills Percent
Sum of Squares
df
Mean Square
F
Regression
11289.814
1
11289.814
36.537
Residual

11741.786

38

Total

23031.600

39

2

Regression
13604.568
Residual
9427.032
Total
23031.600
a. Dependent Variable: 2018 LEAP Math Scale Scores

2
37
39

308.994
6802.284
254.785

b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent
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Sig.
.000b

26.698

.000c

T3. Tables 4.61 and 4.62 indicate that the addition of the variable FSSP led to a statistically
significant improvement in the prediction of 2018 LEAP mathematics scores beyond 2017 LEAP
mathematics scores, R2 = 0. 499, F(2, 31) = 15.466, p < 0.05, adjusted R2 = 0.467. This indicates
that the addition of variable EOYSP statistically significantly improved the LEAP score prediction
of Model 1 by 27.8%. Additionally, the standardized beta coefficient of 0.57 (p-value < 0.05)
indicates a positive strong statistically significant correlation between first semester skill mastery
and LEAP performance (see Table I.3 in Appendix I). This also suggests that for roughly every
six-tenths percent of skills mastered on ALEKS, students typically gained a scale point on the 2018
LEAP mathematics assessment.
Table 4.61. Model Summary for T3 concerning First Semester Skills Percent
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.005
1
.470a
.221
.197
20.706
.221
9.077 1 32
b
.000
2
.707
.499
.467
16.864
.278 17.246 1 31
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent
Table 4.62. ANOVA Analysis for T3 concerning First Semester Skills Percent
Sum of
Mean
Model
Squares
df
Square
F
Sig.
1 Regression
3891.768 1
3891.768 9.077
Residual
13720.261 32
428.758
Total
17612.029 33
2 Regression
8796.270 2
4398.135 15.466
Residual
8815.760 31
284.379
Total
17612.029 33
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent
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.005b

.000c

Teacher-level Analysis concerning the Impact of EOYSP on LEAP Performance in HSA
T1. Table 4.63 indicates that the percentage of skills students mastered by the end of the
school year led to a statistically significant increase in R2 of 0.101, F(1, 36) = 7.691, p < 0.05. This
indicates that the addition of variable EOYSP statistically significantly improved the LEAP score
prediction of Model 1 by 10.1%. Furthermore, the standardized beta coefficient of 0.427 (p-value
< 0.05) indicates a positive strong statistically significant correlation between end-of-year skill
mastery and LEAP performance (see Table J.1 in Appendix J). This suggests that for roughly
every four-tenths percent of skills mastered on ALEKS, students typically gained a scale point on
the 2018 LEAP mathematics assessment.
Table 4.63. Model Summary for T1 concerning End-of-Year Skills Percent
Model Summaryc
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig.
Model R Square
Square
the Estimate Change Change df1 df2 F Change
.000
1
.654a
.427
.412
17.794
.427 27.610 1 37
.009
2
.727b
.528
.502
16.375
.101
7.691 1 36
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent
Table 4.64 illustrates the percentage of skills T1 students mastered by the end of the school year.
Table 4.64. End-of-Year Percentage of Skills Mastered for T1
EOYSP
N
Valid
43
Missing
2
Mean
26.51
Std. Deviation
10.239
Minimum
3
Maximum
53
Sum
1140
Percentiles
25
20.00
50
27.00
75
32.00
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T3. Table 4.65 below shows that the percentage of skills students mastered by the end of
the school year led to a statistically significant increase in R2 of 0.250, F(1, 31) = 14.657, p < 0.05.
The addition of the variable EOYSP statistically significantly improved 2018 LEAP score
prediction beyond prior LEAP performance by 25%. Also, the standardized beta coefficient of
0.538 (p-value < 0.05) indicates a positive strong statistically significant correlation between endof-year skill mastery and LEAP performance (see Table J.3 in Appendix J). This suggests that for
roughly every five-tenths percent of skills mastered on ALEKS, students typically gained a scale
point on the 2018 LEAP mathematics assessment.
Table 4.65. Model Summary for T3 concerning End-of-Year Skills Percent
Change Statistics
Change
R
Adjusted R Std. Error of R Square
F
Statistics Sig. F
Model R Square
Square
the Estimate
Change Change df1 df2 Change
.005
1
.470a
.221
.197
20.706
.221
9.077 1 32
b
.001
2
.686
.471
.437
17.335
.250 14.657 1 31
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent
Table 4.66 illustrates the percentage of skills T3 students mastered by the end of the
school year.
Table 4.66. End-of-Year Percentage of Skills Mastered for T3
EOYSP
N
Valid
43
Missing
0
Mean
33.33
Std. Deviation
15.561
Minimum
7
Maximum
75
Sum
1433
Percentiles
25
21
50
31
75
41
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Teacher-level Analysis concerning the Impact of FSSP on LEAP Performance in LSA
T2. The HMR model generated for T2 in Tables 4.67 and 4.68 show that the percentage of
skills students mastered by mid-year (i.e., First Semester Skills Percent) did not improve the
prediction of 2018 LEAP mathematics scores beyond 2017 LEAP mathematics scores, R2 = 0. 345,
F(2, 64) = 16.882, p > 0.05, adjusted R2 = 0.325.
Table 4.67. Model Summary for T2 concerning First Semester Skills Percent
Change Statistics
Change
Statistics
R
Adjusted Std. Error of R Square
Sig. F
Model R Square R Square the Estimate
Change F Change df1
df2 Change
a
.000
1
.570
.325
.315
20.715
.325
31.300
1
65
.163
2
.588b
.345
.325
20.559
.020
1.988
1
64
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent

Model
1

2

Table 4.68. ANOVA Analysis for T2 concerning First Semester Skills Percent
Sum of Squares
df
Mean Square
F
Regression
13430.865
1
13430.865
31.300
Residual
27891.851
65
429.105
Total
41322.716
66
Regression
14271.265
2
7135.633
16.882
Residual
27051.451
64
422.679
Total
41322.716
66

Sig.
.000b

.000c

a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent

T4. Tables 4.69 and 4.70 show that the addition of the variable FSSP did not lead to a
statistically significant improvement in the prediction of 2018 LEAP mathematics scores beyond
2017 LEAP mathematics scores, R2 = 0. 261, F(2, 46) = 8.130, p > 0.05, adjusted R2 = 0.229.
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Table 4.69. Model Summary for T4 concerning First Semester Skills Percent
Change Statistics
Change
Statistics
R
Adjusted Std. Error of R Square
Sig. F
Model R Square R Square the Estimate
Change F Change df1
df2 Change
.001
1
.462a
.213
.197
18.035
.213
12.752
1
47
.091
2
.511b
.261
.229
17.668
.048
2.974
1
46
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent
Table 4.70. ANOVA Analysis for T4 concerning First Semester Skills Percent
Model
Sum of Squares
df
Mean Square
F
1
Regression
4147.649
1
4147.649
12.752
Residual
15287.331
47
325.262
Total
19434.980
48
2
Regression
5075.876
2
2537.938
8.130
Residual
14359.104
46
312.154
Total
19434.980
48
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent

Sig.
.001b

.001c

T5. According to Table 4.71, the addition of the variable FSSP led to a statistically
significant improvement in R2 of 0.122, F(1, 45) = 10.160, p < 0.05. This indicates that the addition
of variable FSSP improved the prediction of 2018 LEAP performance by 12.2%. Also, the
standardized beta coefficient of 0.37 (p-value < 0.05) indicates a positive moderately strong
statistically significant correlation between first semester skill mastery and LEAP performance
(see Table I.5 in Appendix I). This suggests that for roughly every three-tenths percent of skills
mastered on ALEKS, students typically gained a scale point on the 2018 LEAP mathematics
assessment.
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Table 4.71. Model Summary for T4 concerning First Semester Skills Percent
Change Statistics
Change
Statistics
R
Adjusted Std. Error of R Square
Sig. F
Model R Square R Square the Estimate
Change F Change df1
df2 Change
.000
1
.580a
.337
.322
18.173
.337
23.335
1
46
.003
2
.677b
.459
.435
16.596
.122
10.160
1
45
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, First Semester Skills Percent
Teacher-level Analysis concerning the Impact of EOYSP on LEAP Performance in LSA
The purpose of this section is to determine whether or not the variable EOYSP made a
significant impact on LEAP performance concerning teachers T2, T4, and T5. Results are as
follows:
T2. Table 4.72 shows that the percentage of skills students mastered by the end of the
school year did not lead to a statistically significant increase in the prediction of 2018 LEAP
performance, R2 = 0.334, F(2, 64) = 16.030, p > 0.05.
Table 4.72. Model Summary for T2 concerning End-of-Year Skills Percent

Model R
1
.570a
2

.578b

R
Adjusted R
Square
Square
.325
.315
.334

Std. Error of
the Estimate
20.715

.313

20.741

Change Statistics
R Square
F
Change Statistics
Change
Change df1 df2 Sig. F Change
.000
.325 31.300 1 65
.363
.009
.838 1 64

a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent

Table 4.73. ANOVA Results for T2 concerning End-of-Year Skills Percent
Model
1
Regression
Residual
Total
Table continued.

Sum of Squares
13430.865
27891.851
41322.716

df
1
65
66
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Mean Square
13430.865
429.105

F
31.300

Sig.
.000b

Model
2

Sum of Squares

Regression

df

13791.499

Mean Square

2

F

6895.749

Sig.

16.030

.000c

Residual
27531.218
64
430.175
Total
41322.716
66
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent
Table 4.74 illustrates the percentage of skills T2 students mastered by the end of the school
year.
Table 4.74. End-of-Year Percentage of Skills Mastered for T2
EOYSP
N

Valid
Missing

Mean
Std. Deviation
Minimum
Maximum
Sum
Percentiles

76
2
29.50
14.192
4
71
2242
19
29
38.75

25
50
75

T4. Table 4.75 shows that the percentage of skills students mastered by the end of the
school year did not statistically significantly increase the prediction of 2018 LEAP performance,
R2 = 0.251, F(2, 46) = 7.701, p > 0.05.
Table 4.75. Model Summary for T4 concerning End-of-Year Skills Percent
Model Summaryc
Change Statistics
Std. Error
Change
R
Adjusted
of the
R Square
F
Statistics Sig.
Model R Square R Square
Estimate
Change Change df1 df2 F Change
.001
1
.462a
.213
.197
18.035
.213 12.752 1 47
.136
2
.501b
.251
.218
17.791
.037
2.299 1 46
a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent
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Table 4.76. ANOVA Results for T4 concerning End-of-Year Skills Percent
ANOVAa
Model
Sum of Squares
df
Mean Square
F
Sig.
1
Regression
4147.649
1
4147.649
12.752
.001b
Residual
15287.331
47
325.262
Total
19434.980
48
2
Regression
4875.198
2
2437.599
7.701
.001c
Residual
14559.781
46
316.517
Total
19434.980
48
a. Dependent Variable: 2018 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores
c. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent
Table 4.77 illustrates the percentage of skills T4 students mastered by the end of the school
year.
Table 4.77. End-of-Year Percentage of Skills Mastered for T4
EOYSP
N
Mean
Std. Deviation
Minimum
Maximum
Sum
Percentiles

Valid
Missing

25
50
75

59
0
43.81
20.157
6
92
2585
31
43
56

T5. Table 4.78 indicates that the percentage of skills students mastered by the end of the
school year led to a statistically significant increase in R2 of 0.155, F(2, 22) = 8.264, p < 0.05. The
addition of the variable EOYSP statistically significantly improved the prediction of 2018 LEAP
performance beyond prior LEAP performance by 15.5%. Additionally, the standardized beta
coefficient of 0.423 (p-value < 0.05) indicates a positive strong statistically significant correlation
between end-of-year skill mastery and LEAP performance (see Table J.5 in Appendix J). This
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suggests that for roughly every four-tenths percent of skills mastered on ALEKS, students typically
gained a scale point on the 2018 LEAP mathematics assessment.
Table 4.78. Model Summary for T5 concerning End-of-Year Skills Percent
Model Summaryc

Model R
1
.657a
2
.766b

R
Adjusted R
Square
Square
.432
.407
.587
.550

Std. Error of
the Estimate
19.391
16.905

Change Statistics
R Square
F
Change Statistics
Change
Change df1 df2 Sig. F Change
.000
.432 17.502 1 23
.009
.155
8.264 1 22

a. Predictors: (Constant), 2017 LEAP Math Scale Scores
b. Predictors: (Constant), 2017 LEAP Math Scale Scores, End-of-Year Skills Percent

Table 4.79 illustrates the percentage of skills T5 students mastered by the end of the
school year.
Table 4.79. End-of-Year Percentage of Skills Mastered for T5
EOYSP

N

Valid
Missing

Mean
Std. Deviation
Minimum
Maximum
Sum

Percentiles

25
50
75

43
0
33.33
15.561
7
75
1433
21
31
41

Summary
The purpose of this section is to determine whether or not the addition of ALEKS usage
variables FSSP and EOYSP improved the prediction of 2018 LEAP mathematics scores beyond
2017 LEAP mathematics scores for teachers T1 – T5. To determine this, HMR models were
generated for each teacher. Variable FSSP made a positive statistically significant impact on 2018
LEAP performance scores for teachers T1, T3, and T5. The impact was not statistically significant
for the remaining teachers (T2 and T4). Likewise, variable EOYSP made a positive statistically
131

significant impact for teachers T1, T3, and T5. For the remaining teachers (T2 and T4), the
variable EOYSP did not register as statistically significant.
Considering teachers’ group classification (HSA and LSA), results concerning the impact
of ALEKS usage variables FSSP and EOYSP on 2018 LEAP performance were statistically
significant for HSA teachers T1 and T3. For LSA teachers, with the exception of T5, the impact
of both ALEKS usage variables on 2018 LEAP performance were not statistically significant. T5
was the only LSA teacher who had statistically significant results concerning both variables.
ALEKS (2017) claimed that there should be an eleven percent (11%) improvement in
students’ mathematics performance by the end of an academic school year if students use ALEKS
the first day of school. This suggests that students’ usage of ALEKS during the first semester and
beyond is crucial to maximizing program benefits by the end of the school year, which appears to
explain in part why teachers in the HSA group (T1 and T3) had higher student achievement than
teachers in the LSA group (T2, T4, and T5). Teachers T1 and T3 had statistically significant results
from using the ALEKS program by mid-school year. The impact of ALEKS usage on student
achievement was also statistically significant at the end of the school year.
Concerning the impact of ALEKS on student achievement for teachers T2, T4, and T5,
results were mixed. With the exception of T5, teachers T2 and T4 did not have statistically
significant results from using the ALEKS program by mid-school year nor by the end of the school
year. In contrast, T5 had statistically significant results from using the ALEKS program by midschool year as well as by the end of the school year.
Research Question Four
Previous studies have suggested that there is an association between curriculum
implementation and student achievement (Baker, Gersten, & Lee, 2002; Darch, Carnine, &
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Gersten, 1984; Hopkins, McGillicuddy-De Lisi, & De Lisi, 1997; Rittle-Johnson, 2006; Bransford,
Brown, & Cocking, 2000; Muthukrishna & Borkowski, 1995; Slavin & Karweit, 1985). Some
studies have reported that there was a positive correlation between the frequency of teacherdirected, whole-class instruction, and higher student achievement (Baker, Gersten, & Lee, 2002;
Darch, Carnine, & Gersten, 1984; Hopkins, McGillicuddy-De Lisi, & De Lisi, 1997; RittleJohnson, 2006). Other studies have reported that differentiating instruction and facilitating
mathematical discourse were positively associated with higher student achievement (Bransford,
Brown, & Cocking, 2000; Fuchs, Fuchs, Phillips, Hamlett, & Karns, 1995; Hickey, Moore, &
Pellegrino, 2001; Muthukrishna & Borkowski, 1995; Slavin & Karweit, 1985). In both instances,
further exploration of these associations have been recommended.
In this study, ALEKS survey results revealed that DISTRICT teachers implemented the
ALEKS program in different ways as it relates to program scheduling, instructional formatting,
providing program incentives, and assigning homework. District-wide implementation of the
ALEKS program are as follows:
Program scheduling varied from “only a few class periods” to “every class period.” The
percentage of class time dedicated to ALEKS also varied from ten percent (10%) to forty percent
(40%). Seventy-five percent (75%) of teachers implemented ALEKS at the end of class, while the
remaining teachers implemented ALEKS at the beginning of class.
Although students primarily did independent work on ALEKS, the amount of assistance
provided to students during ALEKS sessions varied from “sometimes” to “all of the time.”
Although fifty percent (50%) of teachers never required students to work on ALEKS for the entire
duration of class, the remaining teachers occasionally did this. All of the teachers worked with
students to review ALEKS topics that students demonstrated difficulty. Twenty-five percent
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(25%) of teachers often conducted small group sessions, whereas the remaining teachers
occasionally employed this approach. All, with the exception of three (3) teachers, indicated that
they provided ALEKS incentives to encourage program use. Another set of three (3) teachers
indicated that they never assigned homework. Concerning the teachers who assigned homework,
only two (2) teachers primarily assigned ALEKS homework.
Considering the broad range of how ALEKS was implemented during the 2017 – 2018
academic school year, this section will investigate the differences in program implementation
across teacher groups as a prelude to the following section Research Question Five. Research
Question Five will regard the group classification (i.e., HSA and LSA) of the five (5) teachers
mentioned in the previous section prior to presenting a thematic analysis of how ALEKS program
implementation differed between the two groups. The purpose of this is to inform DISTRICT how
ALEKS was utilized for best results.
Research Question Four. Did ALEKS implementation differ across teacher groups?
To address this question, thematic analysis of survey responses was conducted for the
following groups of teachers:
•

RtI 8. Teachers who taught RtI 8 mathematics courses. RtI 8 courses provided
mathematics remediation for grade eight.

•

Math 8. Teachers who taught Math 8 courses. Math 8 courses provided grade-level
mathematics content for grade eight.

•

Both. Teachers who taught both RtI 8 and Math 8 courses.

•

Magnet. Teachers who served in middle schools with magnet programs.
Group results were analyzed according to survey categories Program Scheduling,

Instructional Format, ALEKS Incentives, and ALEKS Homework. Results are as follows:
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RtI 8
Program Scheduling. ALEKS was typically implemented every class period at the
beginning of class. Class period duration was seventy-five minutes, of which thirty-five minutes
was dedicated to ALEKS.
Instructional Format. Although ALEKS sessions were typically implemented at the
beginning of class, the teacher sometimes introduced new content prior to implementing ALEKS
sessions. When whole-group instruction was provided at the beginning of class, the teacher often
addressed ALEKS topics that many students demonstrated difficulty. Sometimes, small-group
instruction was provided to assist student groups who had similar difficulties on ALEKS.
Students primarily worked on ALEKS independently but occasionally received assistance
from their teacher. Students rarely worked on ALEKS for the entire duration of class. Students
always took breaks from ALEKS to work on math activities directly tied to LASD curriculum for
eighth-grade mathematics.
ALEKS Incentives. Extra credit was provided to encourage ALEKS use, which was worth
five percent of students’ weekly grade. Students received extra credit for reaching a particular
topic goal in ALEKS. Incorporated into weekly grades was the number of ALEKS topics completed
and the amount of time spent on ALEKS.
ALEKS Homework. Students were never assigned homework.
Math 8
Program Scheduling. ALEKS was typically implemented towards the end of class. The
frequency of program implementation was less than half of the time. Class period duration was
approximately ninety minutes, and the percentage of class time dedicated to ALEKS ranged from
twenty percent (20%) to fifty percent (50%).
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Instructional Format. Students occasionally worked on ALEKS for the entire duration
of class time. During ALEKS sessions, students typically worked on ALEKS independently but
received assistance from their mathematics instructor about half of the time. Occasionally, wholegroup instruction was facilitated if the majority of students demonstrated similar difficulties on
ALEKS. Small-group instruction was facilitated if certain groups of students demonstrated similar
difficulties on ALEKS. Students often took breaks from ALEKS to work on math activities not
tied to ALEKS. One teacher indicated that ALEKS was mostly used for content remediation such
as addressing prerequisite skills for new content.
ALEKS Incentives. The majority of teachers (80%) provided incentives to encourage
ALEKS use. Prizes were provided in addition to participation grades and extra credit.
Students were rewarded for the following accomplishments on ALEKS: 1) Acquiring the highest
percentage of learning topics in ALEKS with respect to other classmates; 2) Spending the most
amount of time on ALEKS with respect to other classmates.
ALEKS Homework. Students were assigned homework about half of the time. Although
teachers indicated that their students had ALEKS accessibility at home, ALEKS homework was
not primarily assigned. In fact, only one teacher primarily assigned ALEKS for homework
because ALEKS was not used much during class.
Both
Program Scheduling. ALEKS was typically implemented towards the end of class. Class
period duration was approximately ninety minutes, and the average amount of class time dedicated
to ALEKS was thirty minutes. However, one particular class section was a Homeroom section. It
was a thirty-minute class section, whereby ALEKS was implemented only a few times. According
to the Homeroom teacher, there was hardly enough time to implement ALEKS due to job
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responsibilities upon the start of class and the interruption of morning announcements. Aside from
the Homeroom section, ALEKS was typically implemented towards the end of class.
Instructional Format. Students worked on ALEKS independently but received assistance
from their mathematics instructor most of the time. Occasionally, students worked on ALEKS
immediately after new content was taught but rarely worked on ALEKS for the entire class period.
Concerning whole-group instruction, most teachers (80%) regularly facilitated whole-group
instruction if many students demonstrated similar difficulties on ALEKS. However, fewer teachers
(60%) regularly facilitated small-group instruction to assist students with similar difficulties. The
majority of teachers allowed their students to take breaks from ALEKS. During those breaks,
eighty percent (80%) of teachers assigned math activities not directly tied to ALEKS, whereas
forty percent (40%) of teachers occasionally assigned activities that were not directly math-related.
ALEKS was mostly used for content remediation, procedural fluency, and assessing
student performance growth rather than reinforcing grade-level standards. Ineffective
reinforcement of grade-level standards was a perceived limitation of the ALEKS program.
ALEKS Incentives. The majority of teachers (60%) provided incentives to encourage
ALEKS use. The following incentives were provided: Prizes, special recognition in school
newsletter/website or school announcements, homework passes, and extra credit.
Students were rewarded for the following accomplishments on ALEKS: 1) Reached a
topic goal in ALEKS; 2) Acquiring the highest percentage of learning topics in ALEKS with
respect to other classmates; 3) Spending the most amount of time on ALEKS with respect to other
classmates.
ALEKS Homework. The majority of teachers (60%) assigned homework most of the time,
whereas forty percent of teachers never assigned homework. Teachers who assigned homework
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indicated that their students had ALEKS accessibility at home. However, ALEKS homework was
not primarily assigned.
Magnet
Program Scheduling. The majority of class sections were ninety minutes, with the
exception of one thirty-minute class section (referred to as Homeroom). In the Homeroom section,
ALEKS was implemented only a few times for the entire class period of thirty minutes. With the
exception of the Homeroom section, the majority of teachers (71%) implemented ALEKS towards
the end of class. The average amount of class time dedicated to ALEKS was approximately twentyfive minutes, with the exception of one class section that dedicated only ten minutes to ALEKS.
The frequency of ALEKS implementation are as follows: Teachers who used ALEKS every class
period (12%); Teachers who used ALEKS almost every class period (25%); Teachers who used
ALEKS about half of the class periods (25%); Teachers who used ALEKS in just a few of the
class periods (38%).
Instructional Format. Students worked on ALEKS independently but received assistance
from their mathematics instructor almost all of the time. Concerning whether or not students
worked on ALEKS after new content was taught, survey responses varied as follows: Never
(38%); Rarely (25%); Sometimes (25%); Always (12%). There was similar variation concerning
how often students worked on ALEKS for the entire class period: Never (25%); Rarely (50%);
Sometimes (12.5%); Often (12.5%).
Most teachers (62%) regularly facilitated whole-group instruction if many students
demonstrated similar difficulties on ALEKS. Likewise, the majority of teachers (75%) regularly
facilitated small-group instruction to assist student groups who had similar difficulties on ALEKS.
With the exception of the Homeroom section, teachers allowed their students to take breaks from
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ALEKS. During those breaks, sixty-three percent (63%) of teachers often assigned math activities
not directly tied to ALEKS, and twenty-five percent (25%) of teachers never assigned activities
that were not directly math-related.
ALEKS was mostly used for content remediation, procedural fluency, and assessing
student performance growth. Teachers indicated that ALEKS assignments were not rigorous
enough for reinforcing grade-level standards.
ALEKS Incentives. Sixty-three percent (63%) of teachers provided incentives to
encourage ALEKS use. Incentives such as prizes, participation points (worth up to 20% of the
course grade) and extra credit (worth up to 50% of the course grade) were provided to encourage
ALEKS use.
Students were rewarded for the following accomplishments on ALEKS: 1) Reached a
topic goal in ALEKS; 2) Acquiring the highest percentage of learning topics in ALEKS with
respect to other classmates; 3) Spending the most amount of time on ALEKS with respect to other
classmates.
ALEKS Homework. Seventy-five percent (75%) of teachers assigned homework.
Concerning those teachers, fifty percent (50%) of them assigned homework at least most of the
time. Only one teacher never assigned homework, whereas the remaining teachers assigned
homework some of the time. Teachers indicated that their students had ALEKS accessibility at
home; however, ALEKS homework was not primarily assigned.
Group Comparisons according to Survey Categories
Program Scheduling. In this category, RtI 8 survey responses were remarkably different
from the remaining groups. Class period duration was the same in all groups (90 minutes) except
RtI 8 (75 minutes). The percentage of class time dedicated to ALEKS was roughly thirty percent
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(30%), with the exception of RtI 8 (45%). Groups typically implemented ALEKS towards the end
of class, with the exception of RtI 8 (at the beginning of class). However, the frequency of ALEKS
implementation varied across groups: RtI 8 (every class period); Math8 (half of the time); Both
(only a few times); Magnet (varied).
Instructional Format. Students typically worked independently on ALEKS. However,
the degree to which students received assistance from their teacher varied across groups: RtI 8
(sometimes); Math8 (half of the time); Both (most of the time); Magnet (varied). Response
variation within group Magnet are as follows: Twelve and a half percent (12.5%) of Magnet
teachers provided assistance some of the time, and another 12.5% provided assistance about half
of the time. Fifty percent (50%) of teachers provided assistance most of the time, whereas twentyfive percent (25%) provided assistance all of the time.
Concerning how often students worked on ALEKS for the entire duration of class, survey
responses also varied across groups: RtI 8 (rarely); Math8 (sometimes); Both (rarely); Magnet
(varied). Moreover, response variation amongst Magnet teachers are as follows: Never (38%);
Rarely (50%); Sometimes (12.5%); Often (12.5%).
Whole-group instruction was facilitated to assist students who demonstrated similar
difficulties on ALEKS. All groups except Math8 used this approach often, whereas Math8 teachers
occasionally used this approach. Small-group instruction was also implemented in every group.
However, this approach was occasionally implemented in all groups except Both, whereby this
approach was used often.
Concerning how often students were instructed to work on ALEKS after new content was
taught, group responses varied as follows: RtI 8, Math8, and Both (sometimes); Magnet (varied).
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Although sixty-two percent (62%) of Magnet teachers occasionally used this approach, thirtyeight percent (38%) of them never used this approach.
Students took breaks from ALEKS and did other math activities not tied to ALEKS. Group
responses varied as follows: Math8, Both, and Magnet (often); RtI 8 (always). However, students
never took breaks from ALEKS and did activities that were not directly math-related, except in
group Magnet. Twenty-five percent (25%) of Magnet teachers occasionally permitted students to
take breaks from ALEKS to do activities that were not mathematically related.
Other approaches that were implemented across groups are as follows: ALEKS was
primarily used for personalizing lessons and for content remediation such as addressing
prerequisite skills, procedural fluency, and assessing student performance. However, there was a
general consensus amongst teachers that ALEKS was more beneficial for developing prerequisite
skills than reinforcing grade-level standards because its activities lacked grade-level rigor.
ALEKS Incentives. All groups provided incentives to encourage ALEKS use such as
prizes and extra credit. However, RtI 8 teachers provided the fewest number of incentives (only
extra credit). Math8 teachers provided the most incentives: Prizes, special recognition in school
newsletter/website or school announcements, homework passes, and extra credit.
Concerning rewards for student accomplishments, groups Both and Magnet rewarded
students for the following:

Accomplishment 1 – Reaching a topic goal in ALEKS;

Accomplishment 2 – Acquiring the highest percentage of new topics in ALEKS compared to other
classmates; Accomplishment 3 – Spending the most amount of time on ALEKS compared to other
classmates. Math8 teachers rewarded students for achieving accomplishments 1 and 2, whereas
RtI 8 teachers rewarded students for achieving Accomplishment 1.
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ALEKS grades. Teachers in all groups incorporated students' ALEKS performance into
their course grading scheme. For example, students were given the opportunity to earn extra credit.
Specifically concerning groups RtI 8 and Both, points were assigned according to students’ time
duration on ALEKS in addition to the number of ALEKS topics completed.
ALEKS Homework. The RtI 8 teacher did not require students to do homework. Teachers
in the remaining groups typically assigned homework at least half of the time. Although teachers
in the remaining groups indicated awareness of students’ accessibility to ALEKS at home, ALEKS
homework was not primarily assigned.
Summary
Survey responses of RtI 8 teachers concerning program scheduling were markedly different
from the other groups: First, RtI 8 class period duration was fifteen minutes shorter compared to
the remaining groups. Second, RtI 8 teachers implemented ALEKS every class period, whereas
the remaining groups typically implemented ALEKS roughly half of the time. Third, RtI 8
teachers dedicated more class time to ALEKS compared to the remaining groups.
Most group differences concerned instructional formatting. The following are items in
which survey responses varied the most: Item 1 – The frequency of teacher assistance provided
during ALEKS sessions; Item 2 – How often students worked on ALEKS for the entire class
period. Moreover, within group differences were greater in group Magnet than in any other group.
Concerning Item 1, teachers in the RtI 8 group typically provided students assistance “some
of the time,” and teachers in the Math 8 group typically provided assistance “half of the time.”
Teachers in groups Magnet and Both typically provided assistance “all of the time” and “most of
the time” respectively.
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Item 2 had equally as much variation as Item 1, particularly within group Magnet.
Although teachers from groups RtI 8 and Both rarely required their students to work on ALEKS
for the entire duration of class, Math 8 teachers occasionally assigned ALEKS for the entire
duration of class. However, eleven percent (11%) of Magnet teachers never used this approach.
Forty-five percent (45%) of Magnet teachers rarely used this approach, and the remaining Magnet
teachers used this approach some of the time.
Concerning incentives, teachers within all groups provided incentives to encourage
ALEKS use with the exception of three (3) teachers. However, the number of incentives offered
varied amongst the groups. Group RtI 8 offered the fewest incentives, whereas group Both offered
the most incentives. Incentives most commonly offered were prizes and extra credit.
The frequency of homework assignments varied across groups. RtI 8 was the only group
that never assigned homework. Concerning the remaining groups, ALEKS homework was not
primarily assigned, even though teachers were aware that students had access to ALEKS at home.
Research Question Five
The previous section discussed differences in ALEKS implementation concerning teacher
groups RtI 8, Math 8, Magnet, and Both. This section investigates differences in ALEKS usage
amongst five teachers (T1, T2, T3, T4, and T5) who were previously ranked into groups HSA
(high student achievement) and LSA (low student achievement). As previously stated, teachers
who had high student achievement were placed in group HSA (i.e., T1 and T3). Teachers who had
low student achievement were placed in group LSA (i.e., T2, T4, and T5). Thematic analysis was
conducted for both groups to determine whether or not there were group differences in ALEKS
implementation to inform DISTRICT how ALEKS was best utilized.
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Research Question Five.

Was there a difference in the implementation of ALEKS

between teachers with higher student achievement and those with lower student achievement on
the 2017 – 2018 LEAP 2025 mathematics assessment?
Steps taken to address this question are as follows: First, a description of the student
population is provided for five teachers (namely, T1, T2, T3, T4, and T5) who participated in the
ALEKS survey. Survey results will be used to address the thematic component of this study.
Second, ALEKS usage profiles are generated for each teacher. Third, thematic analysis is
presented comparing how the ALEKS program was implemented based on group affiliation (i.e.,
HSA or LSA). The subsequent sections provide detailed explanations of each step.
Description of Student Population for T1, T2, T3, T4, and T5
Figures 4.6 – 4.10 illustrate the eighth-grade student population of five teachers who
participated in the ALEKS survey concerning ALEKS usage during the 2017 – 2018 academic
school year. These figures depict the demographic distribution of students who were exposed to
ALEKS according to race, gender, Repeat Status, SPED status, and LEP status.

Figure 4.6. 2017 – 2018 Demographic Distribution of T1 Students Who Used ALEKS

Figure 4.7. 2017 – 2018 Demographic Distribution of T2 Students Who Used ALEKS
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Figure 4.8. 2017 – 2018 Demographic Distribution of T3 Students Who Used ALEKS

Figure 4.9. 2017 – 2018 Demographic Distribution of T4 Students Who Used ALEKS

Figure 4.10. 2017 – 2018 Demographic Distribution of T5 Students Who Used ALEKS
Associations between Teacher and Performance Distributions per Achievement Level
Academic background: Table 4.80 illustrates 2017 LEAP Mathematics scale score ranges
and 2018 LEAP Mathematics scale score ranges together with DISTRICT-projected ALEKS tier
levels.
Table 4.80. 2017 LEAP Mathematics Scale Score Ranges per Achievement Level
Achievement Level 2017 LEAP Scale
2018 LEAP Scale
Projected ALEKS
Score Ranges
Score Ranges
Tier Levels per
Achievement Level
Advanced
786 – 850
790 – 850
Tier 1
Mastery
750 – 785
750 – 789
Tier 1
Basic
725 – 749
725 – 749
Tier 2
Approaching Basic
700 – 724
700 – 724
Tier 2
Unsatisfactory
650 – 699
650 – 699
Tier 3
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According to LDE (2015) LEAP scale score ranges for seventh-grade mathematics, all five
teachers, except T1, initially served a student population who typically performed on the
Approaching Basic level. T1 initially served a student population who typically performed on the
Basic level (shown in Table 4.81).
In 2017, students’ 2017 LEAP achievement levels in mathematics were associated with
projected ALEKS tier levels, which was used to determine the most the appropriate ALEKS course
to meet students’ needs. The projected ALEKS tier level that the DISTRICT associated with Basic
or Approaching Basic was Tier 2. As indicated in Chapter 2, Tier 2 students “lag well behind their
peers, demonstrate weak progress on screening measures, and require some form of intervention”
(ALEKS, 2019). ALEKS (2017) claimed that effective use of the ALEKS program will help
students move up at least a tier level by the end of an academic school year. However, ALEKS
(2017) cautioned that program benefits largely depend on program usage.
Table 4.81. 2017 LEAP Performance Averages with Corresponding ALEKS Tier Levels
TeacherID
2017
2018
Projected
Projected
Average
Average
ALEKS Tier
ALEKS Tier
LEAP
LEAP
Level according
Level according
Math
Math
to 2017 LEAP
to 2018 LEAP
Scale
Scale
Scale Score
Scale Score
Score
Score
Average
Average
T1
725.30
726.10
Tier 2
Tier 2
T2
709.10
698.52
Tier 2
Tier 3
T3
717.50
714.38
Tier 2
Tier 2
T4
707.24
703.98
Tier 2
Tier 2
T5
700.46
692.06
Tier 2
Tier 3
Tables 4.82 – 4.86 provides the differences in mean LEAP scale scores for each teacher.
There was a decline in 2018 LEAP scale score averages for T2, T3, T4, and T5 compared to an
increase for T1. Paired Samples T-tests were conducted to determine whether or not mean score
differences between 2017 LEAP scores and 2018 LEAP scores were statistically significant for
146

each teacher. Tables 4.83 and 4.86 indicate that the decline of 2018 LEAP scale score averages
for T2 and T5 were statistically significant. On the contrary, mean score differences for T1, T3,
and T4 were not statistically significant.
Table 4.82. Paired Samples T-Test Results for T1
Mean
Std.
Sig. (2TeacherID
Mean Difference Deviation
t
tailed)
T1
2017 Math Scale 725.3
-.800
19.403 -.289
0.774
Score
0
2018 Math Scale 726.1
24.301
Score
0
Table 4.83. Paired Samples T-Test Results for T2
Mean
Std.
Sig. (2TeacherID
Mean Difference Deviation
t
tailed)
T2
2017 Math
709.10 10.582
16.658
4.192
0.000
Scale Score
2018 Math
698.52
25.022
Scale Score

T3

Table 4.84. Paired Samples T-Test Results for T3
Mean
Std.
TeacherID
Mean Difference Deviation
t
2017 Math Scale 717.5
3.118
15.860
.877
Score
0
2018 Math Scale 714.3
Score
8

23.102

Table 4.85. Paired Samples T-Test Results for T4
Mean
Std.
TeacherID
Mean Difference Deviation
t
T4
2017 Math
707.24
3.265
15.362 1.213
Scale Score
2018 Math
Scale Score

Sig. (2tailed)
0.387

703.98

20.122
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Sig. (2tailed)
0.231

Table 4.86. Paired Samples T-Test Results for T5
Mean
Std.
TeacherID
Mean Difference Deviation
t
T5
2017 Math 700.46
8.396
19.850 3.025
Scale Score
2018 Math
Scale Score

692.06

Sig. (2tailed)
0.004

22.073

Distribution Comparisons of 2017 and 2018 LEAP Mathematics Scale Scores
Distribution comparisons of 2017 and 2018 LEAP scores provided some explanation as to
why some teachers had greater student success and why other teachers had less student success.
Table 4.87 provides distribution shifts per achievement level, revealing why some teachers were
more successful than others regardless of students’ prior academic achievement.
Table 4.87 depicts the percentage of 2017 and 2018 LEAP Math Scale Scores per
Achievement Level, including projected ALEKS tier levels. Frequency plots were used to
determine the percentage distribution of students who performed on each achievement level.
HSA Teachers. Concerning T1, the bulk of the distribution remained in Tier 2 by the end
of 2018. However, there was a 15% increase in Tier 1 and a 2% decrease in Tier 3 compared to
2017.
T3 had similar results. By the end of 2018, the bulk of the distribution remained in Tier 2.
There was a 13% increase in Tier 2 and an 8% decrease in Tier 3 compared to 2017.
LSA Teachers. Concerning 2018 results for T2, a little more than half of the distribution
was in Tier 3 and 27% was in Tier 2, compared to 33% and 54% respectively in 2017. Although
there was a 2% increase in Tier 1 as well as in Tier 2, the bulk of the distribution fell from Tier 2
to Tier 3 by the end of 2018. In fact, it appears that 23% of students fell from the Approaching
Basic level to Unsatisfactory, while only 4% moved up at least one achievement level.
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Similarly, 52% of T4’s student population was in Tier 3 and 37% was in Tier 2, compared
to 44% and 46% percent respectively in 2017. Although there was a 3% gain in Tier 1 compared
to 2017, the bulk of the distribution dropped to Tier 3 by 2018.
Results for T5 were even more unfavorable than results for T2 and T4. The bulk of the
distribution remained in Tier 3 by the end of 2018. Moreover, 11% of the population fell at least
one achievement level compared to 2017. Considering overall results by the end of 2018, there
was a 5% drop in Tier 1, a 7% drop in Tier 2, and a 6% increase in Tier 3 compared to 2017.
Table 4.87 also reveals that T3 started with lower performing students than T4, but T3
students outperformed T4 students by 2018. The next section will explore one possibility that may
have contributed to this occurrence.
Table 4.87. 2017 and 2018 LEAP Performance per Achievement Level
TeacherID

Achievement
Level

2017 LEAP Scores
per Achievement
Level (%)

2018 LEAP Scores
per Achievement
Level (%)

Gains/Losses
by 2018 (%)

Advanced

0%

0%

-

Projected
ALEKS
Tier Level
(%)
Tier 1

Mastery

5%

20%

+15%

Tier 1

Basic

43%

18%

-25%

Tier 2

Approaching
Basic
Unsatisfactory

36%

48%

+12%

Tier 2

16%

14%

-2%

Tier 3

Advanced

0%

0%

-

Tier 1

Mastery

1%

3%

+2%

Tier 1

Basic

12%

14%

+2%

Tier 2

Approaching
Basic
Unsatisfactory

54%

27%

-27%

Tier 2

33%

56%

+23%

Tier 3

Advanced

0%

0%

-

Tier 1

Mastery

2%

2%

-

Tier 1

Basic

29%

24%

-5%

Tier 2

Approaching
Basic
Unsatisfactory

32%

45%

+13%

Tier 2

37%

29%

-8%

Tier 3

Advanced

0%

0%

-

Tier 1

T1

T2

T3

T4

Table continued.
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TeacherID

Achievement
Level

2017 LEAP Scores
per Achievement
Level (%)

2018 LEAP Scores
per Achievement
Level (%)

Gains/Losses
by 2018 (%)

Mastery

0%

3%

+3%

Projected
ALEKS
Tier Level
(%)
Tier 1

Basic

10%

8%

-2%

Tier 2

Approaching
Basic
Unsatisfactory

46%

37%

-9%

Tier 2

44%

52%

+8%

Tier 3

Advanced

0%

0%

-

Tier 1

Mastery

6%

1%

-5%

Tier 1

Basic

0%

6%

+6%

Tier 2

Approaching
Basic
Unsatisfactory

32%

25%

-7%

Tier 2

62%

68%

+6%

Tier 3

T5

ALEKS Usage Profiles
This section provides a summary of ALEKS survey responses for each teacher concerning
survey categories Program Scheduling, Instructional Format, ALEKS Incentives, and ALEKS
Homework, including perceived program benefits and challenges. Results are as follows:
T1. Concerning Program Scheduling, ALEKS was implemented at the beginning of class
in about half of the class periods. Class period duration was 90 minutes, and the average amount
of class time dedicated to ALEKS was approximately 20 minutes.
Instructional Format.

Students primarily worked on ALEKS independently but

occasionally received assistance from T1. Students never worked on ALEKS for the entire
duration of class, and they never worked on ALEKS after new content was taught. T1 often
facilitated whole-group instruction and small-group instruction if many students demonstrated
similar difficulties on ALEKS. Students often took breaks from ALEKS to work on math-related
activities not tied to ALEKS and never took breaks from ALEKS to work on activities that were
not math-related.
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ALEKS Incentives. T1 did not provide any ALEKS incentives to encourage program use.
However, weekly grades were assigned according to the number of skills students mastered on
ALEKS. T1 has also conducted conferences with students who did not show any progress on
ALEKS during the week.
ALEKS Homework. T1 assigned homework most of the time, which was primarily ALEKS
homework.
Perceived program benefits. T1 stated that ALEKS reports such as Time and Topic was
“easy to read” and that the ALEKS program best addressed “content remediation, procedural
fluency, and assessing student performance growth”. T1 indicated that ALEKS assignments were
not rigorous enough for reinforcing grade-level standards; therefore, it was primarily assigned for
homework. Students were given the opportunity to work on ALEKS for approximately 20 minutes
of class time, which allowed the remaining 72% of class time to be dedicated towards addressing
grade-level standards. Students enjoyed using ALEKS.
Perceived program challenges. T1 indicated that student motivation to using ALEKS was
critical to seeing evidence of program benefits. Students had to be motivated to use ALEKS at
home in order to fulfill the assigned weekly requirement of 2 hours.
T2. Concerning Program Scheduling, class period duration was 90 minutes. ALEKS was
typically implemented at the end of class, and the average amount of class time dedicated to
ALEKS was approximately 20 minutes.
Instructional Format. Students typically did independent work on ALEKS but received
assistance from T2 most of the time. Students never worked on ALEKS for the entire duration of
class and rarely worked on ALEKS after new content was taught. Whole-group instruction and
small-group instruction was often facilitated if many students demonstrated similar difficulties on
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ALEKS. Students often took breaks from ALEKS to work on math-related activities not tied to
ALEKS, and rarely took breaks from ALEKS to work on activities that were not math-related.
ALEKS Incentives. T2 did not provide any ALEKS incentives to encourage program use.
ALEKS Homework. T2 never assigned homework.
Perceived program benefits. T2 stated, “ALEKs has helped close the gap for my students
in computing basic operations and order of operations. It has also helped for those falling behind
due to absences and has been a great RTI tool.”
Perceived program challenges. T2 mentioned, “I would have liked to individually assign
my own topics and assignments to different students, and either this option isn't available, or it's
too complicated for me to figure out how to do it. Either way, this should have been available and
easily done.” T2 also indicated that students “were back and forth between tasks”. Students did
not maintain engagement with the program without “strict guidelines” and close monitoring. T2
stated, “Some students did not want to use the time on ALEKs and considered it free time. Those
students had to be carefully monitored.” T2 added, “Those that didn't take it seriously always
complained how much they despised ALEKs.”
T3. Concerning Program Scheduling, ALEKS was implemented at the beginning of class
in about half of the class periods. Class period duration was 30 minutes, and the average amount
of class time dedicated to ALEKS was approximately 25 minutes.
Instructional Format. Students primarily worked on ALEKS independently but received
assistance from T3 all of the time. Students always worked on ALEKS for the entire duration of
class. T3 often facilitated whole-group instruction or small group if many students demonstrated
similar difficulties on ALEKS. Students never took breaks from ALEKS because the class period
duration was only 30 minutes.
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ALEKS Incentives. T3 did not provide any ALEKS incentives to encourage program use.
ALEKS Homework. Homework was never assigned. T3 justified that because it was a
Homeroom section, homework was not assigned.
Perceived program benefits. T3 stated, “ALEKS did help some of my lower students to
relearn missed skills.” T3 added that ALEKS best addressed prerequisite knowledge and skills.
Perceived program challenges. T3 mentioned that the program works well with selfmotivated students. Students who are unmotivated to use ALEKS will not reap the full benefits
from ALEKS.
T4. Concerning Program Scheduling, ALEKS was implemented every class period at the
beginning of class. Class period duration was 75 minutes, and the average amount of class time
dedicated to ALEKS was approximately 35 minutes.
Instructional Format.

Students primarily worked on ALEKS independently but

occasionally received assistance from T4. Students rarely worked on ALEKS for the entire
duration of class. Students sometimes worked on ALEKS after new content was taught. T4
facilitated whole-group instruction (often) and small-group instruction (sometimes) if many
students demonstrated similar difficulties on ALEKS. Students always took breaks from ALEKS
to work on math-related activities not tied to ALEKS but never took breaks from ALEKS to work
on activities that were not math-related.
ALEKS Incentives. T4 provided extra credit that was worth 5% of students grade to
encourage program use. ALEKS grades were assigned according to the number of topics
completed and the amount of time spent on ALEKS. T4 mentioned that there were two students
who did not do any work on ALEKS, and they received a “D” letter grade for it.
ALEKS Homework. T4 never assigned homework.
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Perceived program benefits. T4 stated that ALEKS targets skills that “help [students]
move up”. ALEKS provides detailed reports that help teachers monitor student progress.
Perceived program challenges. T4 mentioned, “Any program is going to be as successful
as it is implemented.” T4 added, “One of the concerns was timing. You have to complete so many
hours a week. I want to say it was like 2.5 hours a week, and that means teachers were taking from
their regular class time. So it is best that it is implemented as a lab.”
T5. Concerning Program Scheduling, ALEKS was implemented almost every class period
at the end of class. Class period duration was 90 minutes, and the average amount of class time
dedicated to ALEKS was approximately 36 minutes.
Instructional Format. Students primarily worked on ALEKS independently but received
assistance from T5 most of the time. Students rarely worked on ALEKS for the entire duration of
class and always worked on ALEKS after new content was taught. T5 often facilitated wholegroup instruction and small-group instruction if many students demonstrated similar difficulties
on ALEKS. Students sometimes took breaks from ALEKS to work on math-related activities not
tied to ALEKS and sometimes took breaks from ALEKS to work on activities that were not mathrelated.
ALEKS Incentives. T5 provided the following incentives to encourage ALEKS use:
•

Special recognition in school newsletter/website or school announcements.

•

Prizes.

•

Parties.

•

Homework passes.
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Additionally, extra credit was worth 50% of students’ grades. T5 stated, “Students
received 10 points each time they logged on and showed progress towards mastery of skills evident
in the pie chart growth.”
ALEKS Homework. T5 always assigned ALEKS homework.
Perceived program benefits. T5 mentioned that ALEKS primarily helped “with Number
systems as well as Basic skills such as multiplication division subtraction in addition of integers.”
T5 added, “ALEKS allowed the students to be introduced to the standards early and to master them
before we are covering them in the curriculum.” Additionally, ALEKS reassessed students
“whenever they were advancing towards their next level”.
Perceived program challenges.

T5 indicated that student buy-in is key.

ALEKS

implementation is more challenging when students are not given the flexibility of completing
weekly requirements on their own “time schedule”.
Comparing ALEKS Usage between HSA Teachers and LSA Teachers
The purpose of comparing ALEKS usage between groups HSA and LSA is to determine
how ALEKS was best implemented within DISTRICT. In the previous section, Table 4.88
revealed within group similarities concerning how distributions per achievement level shifted
between 2017 and 2018. In efforts to explain in part within group similarities, thematic analysis
of ALEKS implementation was conducted for each group according to the following survey
categories: Program Scheduling, Instructional Format, ALEKS Incentives, and ALEKS
Homework. Results are as follows:
ALEKS Implementation of HSA Teachers
Program Scheduling. Teachers typically implemented ALEKS at the beginning of class.
The amount of class time dedicated to ALEKS was approximately twenty minutes.
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Instructional Format. ALEKS was implemented upon the start of class; therefore,
students were always introduced to new content after ALEKS sessions. When whole-group
instruction was provided, teachers often addressed ALEKS topics that many students demonstrated
similar difficulties. Small-group instruction was often provided to assist student groups who had
similar difficulties on ALEKS.
Although students typically worked independently on ALEKS, they occasionally received
assistance from their teacher. Students never took breaks from ALEKS to work on activities that
were not directly math-related.
ALEKS Incentives. Teachers did not provide any incentives to encourage ALEKS use.
ALEKS Homework. T1 assigned homework most of the time. ALEKS homework was
primarily assigned because ALEKS was limited to 20 minutes during class time.
On the contrary, T3 never assigned homework because it was a thirty-minute Homeroom
section. This alternative provided students the opportunity to work on ALEKS during regular
school hours as they would at home, while granting full class time in regular Mathematics courses
uninterrupted by ALEKS.
ALEKS Implementation of LSA Teachers
Program Scheduling. Teachers typically implemented ALEKS towards the end of class
and almost every class period. T4 and T5 dedicated approximately thirty-five minutes of class time
to ALEKS, whereas T2 dedicated roughly twenty minutes of class time to ALEKS.
Instructional Format. Although T2 and T4 students occasionally worked on ALEKS
immediately after new content was introduced, T5 students always worked on ALEKS after new
content was introduced. When whole-group instruction was provided, teachers often addressed
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ALEKS topics that many students demonstrated similar difficulties. T2 and T5 often facilitated
small-group instruction, whereas T4 occasionally implemented this practice.
Students typically worked independently on ALEKS but received assistance from their
teacher most of the time. Concerning how often students took breaks from ALEKS to work on
activities that were not tied to ALEKS, responses varied as follows: T2 (often); T4 (always); T5
(sometimes). Similarly, responses varied regarding how often students took breaks from ALEKS
to work on activities that were not directly math-related: T2 (rarely); T4 (never); T5 (sometimes).
ALEKS Incentives. T2 did not provide any incentives to encourage ALEKS use, whereas
T4 and T5 provided incentives.
ALEKS Homework. T5 assigned homework all of the time, and ALEKS homework was
primarily assigned. On the contrary, T2 and T4 never assigned homework.
Summary
There were several key differences in ALEKS implementation between the two groups of
teachers.

Those key differences existed in all four survey categories. Key differences are as

follows:
Concerning Program Scheduling, HSA teachers typically implemented ALEKS at the
beginning of class and dedicated approximately twenty minutes of class time to ALEKS. LSA
teachers typically implemented ALEKS towards the end of class. Two out of the three LSA
teachers dedicated approximately thirty-five minutes of class time to ALEKS, whereas the other
LSA teacher, approximately twenty minutes.
Concerning Instructional Format, HSA teachers typically implemented ALEKS upon the
start of class, followed by the introducing new content. Students typically worked independently
on ALEKS but occasionally received assistance from their teacher. Whole-group instruction and
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small-group instruction were often provided to assist student groups who had similar difficulties
on ALEKS. Students never took breaks from ALEKS to work on activities that were not directly
math-related.
In contrast to HSA teachers, results were mixed concerning LSA teachers: One of the three
LSA teachers (T5) typically assigned students to work on ALEKS immediately after content was
introduced, whereas the remaining LSA teachers occasionally did this. Students typically worked
independently on ALEKS but received assistance from their teacher most of the time. LSA
teachers often facilitated whole-group instruction to address ALEKS topics that many students
demonstrated similar difficulties. Two out of three teachers (T2 and T5) often facilitated smallgroup instruction, whereas T4 occasionally implemented this practice. The frequency in which
students took breaks from ALEKS to work on activities that were not tied to ALEKS are as
follows: T2 (often); T4 (always); T5 (sometimes). Likewise, responses varied concerning the
frequency in which students took breaks from ALEKS to work on activities that were not directly
math-related: T2 (rarely); T4 (never); T5 (sometimes).
Concerning ALEKS Incentives, HSA teachers did not provide any incentives to encourage
ALEKS use; however, T1 indicated that students received weekly grades according to ALEKS
usage requirements per week (i.e., the amount of time spent and topics mastered on ALEKS).
Additionally, student-teacher conferences were periodically conducted with students who did not
meet their weekly dosage requirement on ALEKS.
LSA teachers, with the exception of T2, typically provided ALEKS incentives and extra
credit to encourage ALEKS use; students usually received prizes for meeting ALEKS learning
goals. However, T2 did not provide any ALEKS incentives.
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Concerning ALEKS Homework, T1 assigned ALEKS homework most of the time. T3
provided students the opportunity to work on ALEKS during regular school hours as they would
at home during a thirty-minute block.
LSA teachers, with the exception of T5, never assigned homework. T5 assigned ALEKS
homework all of the time.
From survey responses, there appears to be an association between teacher groups and
ALEKS implementation. Overall, HSA teachers typically implemented ALEKS the same way,
with the exception of assigning homework. These teachers experienced greater success with
student performance.
In contrast, ALEKS implementation of LSA teachers typically deviated from teaching
practices that were associated with greater student success. Note that T3 began with a lower EMM
than T4; however, T3 students outperformed T4 students by the end of 2018. When T3’s ALEKS
usage was examined, T1 and T3 implemented ALEKS in a remarkably similar fashion. These
results suggest that ALEKS implementation may have made an impact on students’ LEAP
performance.
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CHAPTER FIVE. DISCUSSION AND CONCLUSIONS
Introduction
The purpose of this study was to use Concurrent Quan + Qual design (Clark & Ivankova,
2016) to address relationships between students’ ALEKS usage, teachers’ implementation of
ALEKS, and student performance on the 2017 – 2018 LEAP 2025 mathematics assessment. The
quantitative portion of the study included the following statistical analyses:

District-level

descriptive analyses; District-level inferential analyses (i.e., HLM and Independent Samples Ttest); Teacher-level descriptive analyses; Teacher-level inferential analyses (i.e., HMR,
ANCOVA, and Paired Samples T-test).
District-level descriptive analyses of ALEKS usage was provided according to student
demographics, specifically in relation to race, gender, LEP status, SPED status, and Repeater
status. District-level inferential analyses involved the use of HLM models to determine the overall
impact of ALEKS usage variables, academic background, and demographic factors on students’
LEAP performance. Teacher-level descriptive analyses provided a description of the sample
population for each teacher based on demographics. Teacher-level inferential analyses involved
various statistical analyses to explore relationships between students’ ALEKS usage and LEAP
performance, including performance differences amongst subgroups.
For the qualitative portion of the study, qualitative data were gathered concurrently with
quantitative data.
following analyses:

To complement quantitative results, the qualitative portion involved the
First, ALEKS usage profiles (derived from teachers’ ALEKS survey

responses) were generated for each teacher who could be matched to their students’ district
performance data. Second, teachers’ ALEKS usage profiles were thematically analyzed with
respect to groups RtI 8, Math 8, Both, and Magnet. Third, teachers were ranked into two groups
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(HSA and LSA) based upon student achievement. Fourth, survey responses were thematically
analyzed with respect to student achievement groups HSA and LSA.
This study addressed the following research questions:
1. Is there a relationship between the amount of time students spent on ALEKS and their
performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we control for
prior LEAP performance?
2. Is there a relationship between the percentage of concepts students mastered on ALEKS
and their performance on the 2017 – 2018 LEAP 2025 mathematics assessment when we
control for prior LEAP performance?
3. Is there a relationship between concepts mastered on ALEKS, time spent on ALEKS, and
2017 – 2018 LEAP 2025 exam scores when we control for prior LEAP performance?
4. Did ALEKS implementation differ across teacher groups?
5. Was there a difference in the implementation of ALEKS between teachers with higher
mathematics performance and those with lower mathematics performance on the 2017 –
2018 LEAP 2025 mathematics assessment?
This chapter provides a discussion of preliminary findings, results in relation to research
questions, and conclusions derived from the results.

Additionally, this chapter discusses

limitations of this study and implications for further research.
Quantitative Results and Conclusions
The quantitative results in this study are related to statistical analyses conducted with
ALEKS usage data of a particular Louisiana school district. Results specifically relate to students’
mathematics achievement on a state benchmark assessment (2017 – 2018 LEAP 2025
Mathematics assessment), prior academic achievement (2016 – 2017 LEAP 2025 Mathematics
assessment), and student demographics (ethnicity, gender, LEP status, SPED status, Repeater
status). Preliminary findings include a district-wide descriptive analyses of ALEKS usage in
relation to student demographics, including HLM models to assess associations between ALEKS
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usage in relation to demographics, academic background, student mobility, and LEAP
performance. Results and conclusions of preliminary findings are as follows:
District-Level Analyses. The purpose of conducting district-level analyses was to explore
ALEKS usage in relation to student demographics, including associations between ALEKS usage
and student performance on the 2017 – 2018 LEAP 2025 mathematics assessment, without the
interruption of student mobility and curriculum differences.
Associations between academic background and LEAP performance.

Associations

between students’ academic background and 2018 LEAP performance were examined. Prior
LEAP performance (i.e., 2016 – 2017 LEAP scores) was a statistically significant predictor. Given
the statistically significant impact of prior LEAP performance on 2018 LEAP performance, HMR
models that were generated for teacher-level analyses controlled for students’ 2017 LEAP
performance.
Participants of interest. Four HLM models A, B, C, and D were generated as a step-bystep process towards constructing the best model for viewing the effects of ALEKS usage without
the disruption of student mobility and curriculum differences. Model A considered the entire
sample population of DISTRICT eighth-grade students who were exposed to ALEKS. The effect
of ALEKS usage variables (Total Hours, Concepts Mastered, FSSP, EOYSP) on 2018 LEAP
performance was assessed for statistical significance. Results indicated that the predictor variable
EOYSP registered as statistically significant. However, Model A did not control for curriculum
differences. Model B was generated to control for curriculum differences, specifically targeting
the curriculum of interest in this study (i.e., ALEKS Middle School Math Course 3).
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Model B results were similar to Model A: ALEKS usage variable EOYSP registered as
statistically significant. However, Model B did not control for student mobility, a variable which
was found to have a statistically significant impact on 2018 LEAP performance.
Associations between student mobility and LEAP performance. Model C was constructed
to determine whether or not differences in student performance between Mobile and Non-Mobile
students were statistically significant.

Results from this model indicated that performance

differences between the two groups were statistically significant. Mean differences in 2018 LEAP
scale scores between Mobile and Non-Mobile students were statistically significant, as determined
by an Independent Samples T-test. Non-Mobile students outperformed Mobile students by a mean
difference of 16 scale points on the 2018 LEAP 2025 Math assessment. Additionally, although
predictors 2017 LEAP performance scores and EOYSP registered as statistically significant, ICC
values in relation to predictor EOYSP for Mobile students revealed higher similarities in student
performance associated with teacher differences compared to Non-Mobile students. In contrast,
for Non-Mobile students, ALEKS performance in relation to variable EOYSP was less similar
amongst teachers compared to Mobile students. Essentially, these results indicated that betweenschool transfers impacted student performance during the course of the 2017 – 2018 school year.
Therefore, Model D was designed to control for student mobility as well as curriculum differences.
The selected model. Model D assessed the impact of ALEKS usage variables on 2018
LEAP performance, while controlling for curriculum differences and student mobility. Results
from this model indicated that ALEKS usage variable EOYSP made a statistically significant
impact on 2018 LEAP performance. However, Model D did not control for teacher effectiveness
differences in relation to the manner in which it was initially used. Additionally, some class sizes
were small, and results could possibly be obscured with HLM analyses. Therefore, HMR models
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were generated for each teacher to explore the effects of ALEKS usage variables on LEAP
performance without the influence of teacher differences.

In cases where class sizes were

insufficient, results should be interpreted with caution.
Research question one – associations between variable Total Hours and LEAP
performance. The purpose of examining the relationship between the total amount of time
students spent on ALEKS and 2018 LEAP performance was to determine whether or not time
spent on ALEKS improved students’ LEAP performance. HMR models were generated for each
teacher (i.e., T1, T2, T3, T4, and T5) to determine for which teachers the ALEKS usage variable
Total Hours was statistically significant.
For each teacher, HMR analyses revealed that there were no statistically significant
findings concerning the impact of the amount of time students spent on ALEKS and 2018 LEAP
performance. According to ALEKS (2017), in order for program benefits to be observed, the
amount of time students should spend on ALEKS during an academic school year is at least 60
hours. In fact, ALEKS (2017) recommended that students begin using ALEKS on the first day of
school in order to improve their mathematics performance by 11% during the course of a school
year.
In this study, low usage of ALEKS in terms of hours spent worked against our obtaining
statistically significant results. Even though previous research studies have reported this program’s
great potential in improving students’ mathematics achievement, that potential fell short of being
fulfilled due to low ALEKS usage. For teachers T1, T2, T3, T4, and T5, the mean amount of time
students spent on ALEKS was 7 hr 58 min, 12 hr 10 min, 10 hr 42 min, 10 hr 22 min, and 1 hr 12
min respectively. In addition, the amount of time students below the 75th percentile spent on
ALEKS for each teacher are as follows: T1 (less than 10 hr 35 min); T2 (less than 17 hr 47 min);
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T3 (less than 14 hr 12 min); T4 (less than 11 hr 54 min); T5 (less than 1 hr 46 min). The maximum
amount of time students spent on ALEKS for each teacher was 22 hr 48 min, 22 hr 15 min, 23 hr
40 min, 23 hr 45 min, and 5 hr 5 min respectively.
With relation to student achievement groups HSA and LSA, students spent more time on
ALEKS for HSA teachers (9 hr 8 min) compared to LSA teachers (7 hr 1 min). However, the
mean amount of time that was spent on ALEKS was well below the recommended dosage for an
academic school year in each of the classrooms (i.e., 60 hours or more). At best, some students
spent a little less than 40% of the minimum time requirement recommended by ALEKS (2017) in
each of the classrooms. Therefore, the amount of time students spent on ALEKS did not register
as statistically significant on student achievement in these classrooms.
In addition to low ALEKS usage, DISTRICT data concerning the amount of engaged time
students spent on ALEKS could not be provided. ALEKS (2017) Best Practices encouraged expert
supervision of students during ALEKS sessions because the amount of engaged time students
spend on ALEKS is critical to student learning gains. In this study, some DISTRICT teachers
expressed concern regarding the amount of engaged time students spent on ALEKS during the
course of the 2017 – 2018 school year: T2 indicated that students easily got off-task and had to be
closely monitored with “strict guidelines” to stay on-task. T4 confirmed that without supervision,
students accumulated time on ALEKS, without working any problems on the program.
Research question two – associations between variable Concepts Mastered and LEAP
performance. The purpose of examining the relationship between the percentage of concepts
mastered on ALEKS and 2018 LEAP performance was to determine for which teachers did
students’ mastery of concepts on ALEKS improve LEAP performance. HMR models were
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generated for teachers T1, T2, T3, T4, and T5 to determine whether or not the relationship between
the percentage of concepts mastered and 2018 LEAP performance was statistically significant.
Statistical analyses revealed that for T1, T2, T4, and T5, the relationship between the
percentage of concepts mastered on ALEKS and 2018 LEAP performance were not statistically
significant. In contrast, results for T3 revealed that concept mastery was a positive statistically
significant predictor of 2018 LEAP performance. Descriptive analyses revealed that T3’s students
mastered more concepts on average as well as at each percentile (i.e., 25 th, 50th, and 75th) compared
to students from the other teachers. Considering these results, one may speculate that these
findings were indicative of all or any combination of the following:
•

Students spent more time mastering concepts compared to students from other classrooms.

•

Students’ mathematical abilities played a part in their rate of concept mastery.

•

There were higher levels of student engagement/motivation during program use.

•

Program implementation (which will be expounded upon later).
As previously mentioned, students for T3 typically mastered more concepts than students

from other classrooms. With respect to mathematical abilities and student achievement groups
HSA and LSA, prior LEAP performance (i.e., 2016 – 2017 LEAP mathematics assessment scores)
indicated that T3 students initially ranked in the LSA group. However, by the end of the 2017 –
2018 academic school year, 2017 – 2018 LEAP performance results indicated that T3 students
ranked in the HSA group. Considering that T3’s students initially ranked in the LSA group and
by the end of the 2017 – 2018 school year, ranked in the HSA group, improvement in students’
mathematics achievement was not attributed to higher-level mathematics abilities at the beginning
of the school year. However, it is likely that these students had higher levels of engagement on
ALEKS in relation to concept mastery compared to students from other classrooms.
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Theoretically, results for T3 supported previous research findings that reported positive
associations between concept mastery and student achievement (National Research Council
[NRC], 2000; Renaissance, 2018). For T3, this association was positive, which indicated that the
more concepts a student mastered on ALEKS, the more likely he/she made larger gains on his/her
2018 LEAP mathematics assessment.
Research question three – associations between variables Total Hours, Concepts
Mastered, and LEAP performance. The purpose of exploring the collective impact of variables
Total Hours and Concepts Mastered on LEAP performance was to determine for which teachers
did both ALEKS usage variables improve LEAP performance. HMR models were generated for
each teacher to determine whether or not the collective impact of both variables had a statistically
significant impact on the dependent variable.
For teachers T1, T2, T4, and T5, there were no statistically significant findings regarding
the collective impact of ALEKS usage variables (i.e., Concept Mastery and Total Hours) on 2018
LEAP performance beyond 2017 LEAP performance. In contrast, results were statistically
significant for T3. However, results for T3 and T5 need to be interpreted with caution. According
to Statistics Solutions (2019) Complete Dissertation, it is critical to adhere to the following criteria
when conducting regression analysis:
As a rule of thumb, in regression analysis, there should be 10 cases for each independent
variable. For example, if we have two independent variables, then the minimum sample
size should be 20 in order to reach a correct decision about the regression parameter. (para.
4)
Peter Flom (2017), an Independent statistical consultant for researchers in behavioral,
social and medical sciences, confirmed that there must be a minimum sample size of 10 students
per predictor variable “[depending] on the distribution of the variables and their interrelationship.”
The predictors variables in this study satisfy assumptions of normality, and there were no
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statistically significant interactions between them. Given that there were three predictors entered
in the HMR models, a minimum sample size of 30 for each teacher sufficed. The sample size for
teachers T1, T2, T3, T4, and T5 were 35, 51, 25, 37, and 18 respectively. Sample sizes for T1,
T2, and T4 met the criteria. None of their results were statistically significant, which reflects results
from the previous research questions: The impact of ALEKS usage variables Total Hours and
Concepts Mastered on 2018 LEAP performance was not statistically significant when separately
assessed.
Discovered associations between variables FSSP, EOYSP, and LEAP performance.
Associations between ALEKS usage variables FSSP, EOYSP, and LEAP performance were
examined for statistical significance. The purpose was to determine whether or not the percentage
of skills mastered made a statistically significant impact on 2018 LEAP performance beyond prior
LEAP performance. The findings revealed that associations between ALEKS usage variables
FSSP, EOYSP, and LEAP performance were statistically significant for teachers T1, T3, and T5.
Standardized beta coefficients revealed positive moderately strong statistically significant
correlations between first semester skill mastery and LEAP performance for teachers T1 and T5
(see Appendix I). The standardized beta coefficients for T1 and T5 were 0.336 and 0.37
respectively. This indicates that for roughly every three-tenths percent of skills mastered on
ALEKS, students typically gained a scale point on the 2018 LEAP mathematics assessment. T3
had better outcomes with respect to program benefits. For T3, the standardized Beta coefficient of
0.57 indicated a positive strong statistically significant correlation between first semester skill
mastery and LEAP performance. This indicates that for roughly every six-tenths percent of skills
mastered on ALEKS, students typically gained a scale point on the 2018 LEAP mathematics
assessment.
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Concerning end-of-year skill mastery, the impact of ALEKS usage was greater for teachers
T1 and T5. Standardized Beta coefficients revealed positive moderately strong statistically
significant correlations between end-of-year skill mastery and LEAP performance for teachers T1
and T5 (see Appendix I). The standardized beta coefficients for T1 and T5 were 0.427 and 0.423
respectively. This indicates that for roughly every four-tenths percent of skills mastered on
ALEKS, students typically gained a scale point on the 2018 LEAP mathematics assessment. The
standardized beta coefficients for T3 was 0.538, which indicates that for roughly every five-tenths
percent of skills mastered, students typically gained a scale point on the 2018 LEAP mathematics
assessment.
In relation to student achievement groups (i.e., HSA and LSA), the findings also indicated
that associations between ALEKS usage variables FSSP, EOYSP, and LEAP performance were
statistically significant for HSA teachers (i.e., T1 and T3) and one LSA teacher (i.e., T5). In fact,
ALEKS usage variables FSSP and EOYSP were positive statistically significant predictors of 2018
LEAP performance for these teachers.
Overall, these findings suggest that measures of process (i.e., time spent and concepts
mastered) did not register as statistically significant, whereas measures of performance (i.e., midsemester skills mastered and end-of-year skills mastered) did for register as statistically significant
for HSA teachers and for only one LSA teacher. One explanation: Frequency statistics indicated
that students typically spent more time working on skill-related items than concept-related items
on ALEKS. Overall, frequency statistics indicated that students mastered substantially more skills
on ALEKS compared to the percentage of concepts mastered during the 2017 – 2018 school year:
The percentage of concepts mastered by the end of the year for teachers T1, T3, and T5 were
approximately 20%, 24%, and 1% respectively. The percentage of skills mastered by the end of
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the year for teachers T1, T3, and T5 were approximately 27%, 33%, and 15% respectively.
Therefore, skill mastery on ALEKS had a greater impact on students’ LEAP performance than
concept mastery.
Qualitative Results and Conclusions
Research question four – ALEKS implementation in relation to teacher groups. The
purpose of the fourth research question was to determine whether or not ALEKS implementation
differed amongst groups RtI 8, Math 8, Both, and Magnet. Moreover, this was used to determine
if group differences needed to be controlled. To address this question, an ALEKS survey (see
Appendix H) was distributed to 13 DISTRICT teachers who used ALEKS during the course of the
2017 – 2018 academic school year. The ALEKS survey comprised 15 questions, which were
categorized into the following categories: Program Scheduling, Instruction Formatting, ALEKS
Incentives, and ALEKS Homework. Survey responses were thematically analyzed with respect to
groups RtI 8, Math 8, Both, and Magnet.
Program Scheduling. The Program Scheduling category addressed timing issues during
the school day, including the following:

class period duration, frequency of ALEKS

implementation, the percentage of class time dedicated to ALEKS, and if ALEKS was typically
implemented at the beginning, middle, or end of class. The findings suggest that the program
scheduling of RtI 8 teachers were markedly different from the other groups (i.e., Math 8, Both,
and Magnet). First, RtI 8 class period duration was approximately fifteen minutes shorter
compared to the other groups. Second, RtI 8 teachers implemented ALEKS every class period,
whereas the other groups typically implemented ALEKS roughly half of the time. Third, RtI 8
teachers dedicated more class time to ALEKS (roughly 38 minutes of class time) compared to the
remaining groups (between 25 to 30 minutes of class time).
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Overall, RtI 8 teachers were markedly different from the other groups in this survey
category. Not only was the class duration of RtI 8 teachers shorter compared to the other groups,
RtI 8 teachers used ALEKS more frequently and dedicated more class time to ALEKS compared
to other groups.
Instructional Formatting. The Instructional Formatting category addressed how ALEKS
was implemented and course organization, which includes the following: How students typically
worked on ALEKS, the frequency of teacher assistance provided to students, the frequency of
small-group instruction, the frequency of whole-group instruction, whether or not breaks from
ALEKS were provided, and how students typically spent class time when breaks from ALEKS
were provided. The findings indicated that students typically worked independently on ALEKS;
however, the frequency of teacher assistance provided to students varied amongst the groups. RtI
8 teachers typically provided students assistance “some of the time,” and teachers in the Math 8
group typically provided assistance “half of the time.” Teachers in groups Magnet and Both
typically provided assistance “all of the time” and “most of the time” respectively. Additionally,
teachers from groups RtI 8 and Both rarely required their students to work on ALEKS for the entire
duration of class, whereas Math 8 teachers occasionally assigned ALEKS for the entire duration
of class. In contrast, the percentage of Magnet teachers who never used this approach, rarely used
this approach, or occasionally used this approach were 11%, 45%, and 44% respectively.
Whole-group instruction. RtI 8 teachers often facilitated whole-group instruction if the
majority of students demonstrated similar difficulties on ALEKS. Seventy-five percent (75%) of
RtI 8 teachers often facilitated whole-group instruction, whereas 25% of Math 8 teachers
occasionally did this. Eighty percent (80%) of teachers in group Both often facilitated wholegroup instruction, whereas 62% of Magnet teachers regularly facilitated whole-group instruction.
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Small-group instruction. RtI 8 teachers occasionally facilitated small-group instruction if
the majority of students demonstrated similar difficulties on ALEKS. Math 8 teachers regularly
facilitated small-group instruction, whereas 60% of teachers in group Both regularly did this.
Seventy-five percent (75%) of teachers in group Magnet regularly facilitated small-group
instruction.
Breaks from ALEKS. RtI 8 teachers always allowed students to take breaks from ALEKS
to work on math activities directly tied to LASD curriculum for eighth-grade mathematics.
Students were never allowed to work on activities that were not math-related. Math 8 teachers
often allowed their students to take breaks from ALEKS to work on math activities not tied to
ALEKS. One Math 8 teacher indicated that ALEKS was mostly used for content remediation such
as addressing prerequisite skills for new content. For teachers in group Both, students were allowed
to take breaks from ALEKS. During those breaks, eighty percent (80%) of teachers in group Both
assigned math activities not directly tied to ALEKS, whereas twenty percent (20%) of the teachers
occasionally assigned activities that were not directly math-related. Magnet teachers allowed their
students to take breaks from ALEKS. During those breaks, seventy-five percent (75%) of Magnet
teachers often assigned math activities not directly tied to ALEKS, whereas twenty-five percent
(25%) of Magnet teachers occasionally assigned activities that were not directly math-related.
In essence, independent work on ALEKS was primarily assigned. However, the frequency
of teacher assistance provided to students amongst the groups varied as follows: RtI 8 (some of
the time); Math 8 (half of the time); Magnet and Both (all of the time). Concerning the assignment
of ALEKS for the entire duration of class, the majority of Math 8 teachers did this occasionally,
followed by teachers in groups RtI 8 or Both (rarely), and group Magnet (never). Additionally, the
majority of teachers in groups RtI 8, Both, and Magnet often facilitated whole-group instruction,
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with the exception of Math 8 teachers. Math 8 teachers, including teachers in groups Magnet and
Both, regularly facilitated small-group instruction. In contrast, RtI 8 teachers occasionally did
this. There was also considerable variation amongst the groups concerning the types of activities
assigned during breaks from ALEKS: RtI 8 teachers never assigned activities that were not mathrelated compared to 25% of Magnet teachers and 20% of teachers in group Both who occasionally
assigned activities that were not directly math-related.
ALEKS Incentives. The ALEKS Incentives category addressed whether or not ALEKS
incentives were provided, the types of incentives provided, and grading practices concerning
ALEKS. The findings suggested that the majority of teachers in all groups provided incentives to
encourage ALEKS use. Only three (3) teachers, who were in the Math 8 group, did not provide
any ALEKS incentives. The majority of the other teachers who provided incentives gave prizes
and extra credit. However, RtI 8 teachers provided the fewest number of incentives (only extra
credit). With the exception of three (3) Math 8 teachers who did not provide ALEKS incentives,
the remaining Math8 teachers provided the most incentives compared to the other groups.
Incentives included prizes, special recognition in school newsletter/website or school
announcements, homework passes, and extra credit.
Concerning rewards for student accomplishments, groups Both and Magnet rewarded
students for the following: Accomplishment 1 – Reaching a topic goal in ALEKS;
Accomplishment 2 – Acquiring the highest percentage of new topics in ALEKS compared to other
classmates; Accomplishment 3 – Spending the most amount of time on ALEKS compared to other
classmates. Math8 teachers rewarded students for achieving accomplishments 1 and 2, whereas
RtI 8 teachers rewarded students for achieving Accomplishment 1.
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Grading practices concerning ALEKS. ALEKS (2017) Best Practices recommended that
teachers should make “ALEKS worth at least 15-20% [sic] of the students’ overall course grade
to ensure student usage of the program”. None of the teachers, except one Math 8 teacher,
indicated that they incorporated ALEKS into their grade scheme as recommended. RtI 8 teachers
provided extra credit that was worth 5% of students’ overall grade for the class. Fifty percent
(50%) of Math 8 teachers did not assign grades for ALEKS usage. Approximately twenty-five
percent (25%) of Math 8 teachers provided weekly grades for ALEKS usage. For these teachers,
ALEKS grades were based on the percentage of topics students mastered each week. The
remaining Math 8 teachers assigned extra credit. One Math 8 teacher indicated that 10 points was
provided each time students logged into ALEKS and showed some amount of progress. Grades
were not assigned for the amount of time spent on the program, and students received extra credit
for ALEKS, which was worth 50% of their grade in the course.
For teachers in group Both, 50% did not assign grades for ALEKS usage. Twenty-five
percent (25%) of teachers provided extra credit that was worth 10% of students’ grade in the
course. The remaining teachers provided ALEKS grades based upon the percentage completion
of the ALEKS curriculum.
For Magnet teachers, fifty percent (50%) of teachers provided extra credit for ALEKS
usage, which was worth 10% of students’ grade for the course. The remaining teachers provided
ALEKS grades based upon the percentage completion of the ALEKS curriculum.
Overall, the majority of teachers within all four groups provided incentives to encourage
ALEKS use. However, the number of incentives offered varied amongst the groups. RtI 8 teachers
offered one incentive (extra credit), whereas teachers in group Both offered the most incentives.
Students were typically rewarded for the following achievements: “Reaching a topic goal in
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ALEKS,” “Acquiring the highest percentage of new topics in ALEKS,” and “Spending the most
amount of time on ALEKS.”
Concerning grading practices, only one Math 8 teacher incorporated ALEKS into their
course grading scheme as recommended by ALEKS (2017) Best Practices. ALEKS (2017) Best
Practices highly recommended teachers to factor ALEKS into their course grading scheme to count
as an actual grade that is worth 15% of the course, not as extra credit. According to ALEKS (2017)
Best Practices, counting ALEKS as an actual grade is the best way to motivate student engagement
or participation in the program.
ALEKS Homework. The ALEKS Homework category addressed whether or not homework
was provided, the frequency of assigned homework, and whether or not assigned homework was
primarily ALEKS homework. ALEKS (2017) Best Practices strongly encouraged home practice
and provided the ALEKS Parents’ Guide: Student Reports to help familiarize parents with progress
monitoring tools in ALEKS. In this guide, parents were provided step-by-step instructions together
with illustrations that addressed the following: How to determine their child’s overall completion
of the ALEKS curriculum; the number of topics their child learned within any selected time frame
since enrollment; lessons that were attempted or learned; problems that were correct or incorrect;
and content that was mastered since the last assessment (referred to as Knowledge Check).
The findings revealed that RtI 8 teachers never assigned homework. The majority of
Magnet teachers assigned homework; however, only 20% of Magnet teachers primarily assigned
ALEKS homework. Concerning Math 8 teachers, fifty percent (50%) never assigned homework,
but the remaining Math 8 teachers assigned homework that was primarily ALEKS homework. For
teachers in group Both, fifty percent (50%) of teachers never assigned homework. Approximately
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thirteen percent (13%) of teachers assigned homework that was typically not tied to ALEKS. The
remaining teachers in group Both assigned homework that was primarily ALEKS homework.
In summary, ALEKS (2017) Best Practices strongly encouraged home practice and
provided the ALEKS Parents’ Guide to support parents in monitoring student progress. The
frequency of assigned homework during the course of the 2017 – 2018 academic school year varied
amongst the groups. RtI 8 was the only group that never assigned homework. For the remaining
groups, ALEKS homework was not primarily assigned, even though teachers were aware that
students had access to ALEKS at home. These findings also suggested that the majority of students
were not required to complete program dosage requirements (ALEKS, 2017) at home in terms of
the amount of time students needed to spend on ALEKS each week (i.e., at least 3 hours). Several
teachers who regularly implemented ALEKS during class time indicated that students were
required to complete program dosage during class time, which substantially limited the amount of
class time for grade-level instruction and activities. In fact, most teachers who struggled with
balancing grade-level content with ALEKS dosage requirements during regular school hours either
never assigned homework, primarily assigned homework not directly tied to ALEKS, implemented
ALEKS less than 50% of the time, or did any combination of the aforementioned. Only 20% of
Magnet teachers primarily assigned ALEKS homework. Math 8 teachers led the pack with respect
to the highest percentage of teachers who assigned ALEKS homework, which was 50% of the
teachers. Overall, considerable between-group differences in all four ALEKS survey categories
motivated my decision to control for between-group differences. Therefore, this study only
focused on Math 8 teachers who used the ALEKS Middle School Course 3 curriculum.
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Mixed Methods Results and Conclusions
Research question five – ALEKS implementation in relation to student achievement.
Mixed methods analysis was used to explore relationships between quantitative and qualitative
data, specifically student achievement in relation to teachers’ implementation of the ALEKS
program. The purpose was to determine whether or not there were differences in ALEKS
implementation between teachers who had high student achievement and teachers who had low
student achievement. Moreover, results may inform DISTRICT where ALEKS was more
beneficial and how it was best used with respect to ALEKS (2017) Best Practices.
The findings for each teacher are as follows:

A descriptive analysis of student

demographics, students’ academic background, distribution of student performance with respect
to state benchmark assessment achievement levels (LDE, 2017), and differences in ALEKS
implementation between HSA teachers and LSA teachers.
Student demographics. Teachers T1, T2, T3, T4, and T5 served a student population that
was primarily African American (i.e., at least 70%). For T1, T2, T3, and T5, the difference in the
percentage of male and female students was no more than 10%, with the exception of T4. For T4,
the percentage of male and female students differed by approximately 17%. Additionally, teachers
T1, T3, and T4 did not have any students who were identified as Repeaters, whereas the percentage
of Repeaters for teachers T2 and T5 consisted of less than 10% of the sample population.
Concerning students who were identified as SPED, the percentage for T2 and T3 were 16.1% and
12.5% respectively. For the remaining teachers, the percentage of students who were identified as
SPED consisted of less than 10% of the sample population. Also, students who were identified as
LEP consisted of less than 10% of the sample population for teachers T1, T3, T4, and T5. T2
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served a student population that consisted of approximately 11% of students who were identified
as LEP.
Students’ academic background. The mean 2017 LEAP scale score and the mean 2018
LEAP scale score were calculated for each teacher. These scores were then associated with the
following state benchmark achievement levels (LDE, 2017) respective to grade level, including
DISTRICT-projected ALEKS tier levels: Advanced (ALEKS Tier 1), Mastery (ALEKS Tier 1),
Basic (ALEKS Tier 2), Approaching Basic (ALEKS Tier 2), and Unsatisfactory (ALEKS Tier 3).
The 2017 LEAP scale score averages provided a general sense of students’ mathematical abilities
upon the start of the 2017 – 2018 academic school year. Results indicated that all five teachers
except T1 initially served a student population who typically performed on the Approaching Basic
level, whereas T1 initially served a student population who typically performed on the Basic level.
2018 LEAP scale score averages provided a general sense of students’ mathematical
abilities by the end of the 2017 – 2018 academic school year. Results indicated that T1 students
typically performed on the Basic level (ALEKS Tier 2). Students for T3 and T4 typically
performed on the Approaching Basic level (ALEKS Tier 2), whereas students for T2 and T5
typically performed Unsatisfactory (ALEKS Tier 3).
Concerning student learning gains, the LEAP scale score average for T1 increased in 2018
compared to 2017. In contrast, LEAP scale score averages for the remaining teachers decreased
in 2018, compared to 2017. To determine whether or not the mean differences between 2017 LEAP
performance and 2018 LEAP performance were statistically significant, a Paired Samples T-test
was conducted for each teacher. The findings indicated that the 2018 decline in LEAP scale score
averages for T2 and T5 (who were LSA teachers) were statistically significant. In contrast, mean
score differences for the remaining teachers were not statistically significant.
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Distribution shifts in relation to LEAP performance achievement levels. Distribution shifts
between 2017 and 2018 LEAP performance data in relation to achievement levels revealed that
HSA teachers had a greater percentage of students who moved up an achievement level than
moved down an achievement level: For T1, 2% of the student population moved up from
Unsatisfactory to Approaching Basic. Although 10% of the student population moved down from
Basic to Approaching Basic, 15% of the student population moved up from Basic to Mastery.
Overall, 17% of T1’s students moved up an achievement level compared to 10% who moved down
an achievement level.
Likewise, T3 had a greater percentage of students who moved up an achievement level
than moved down an achievement level: Although 5% of T3’s student population moved down
from Basic to Approaching Basic, 8% of T3’s student population moved up from Unsatisfactory
to Approaching Basic.
On the contrary, LSA teachers had a greater percentage of students who moved down an
achievement level than moved up an achievement level: For T2, although 4% of students moved
up at least one achievement level from Approaching Basic, 23% of the student population moved
down to Unsatisfactory from the Approaching Basic level. For T4, it appears that 8% of the student
population moved down from Approaching Basic to Unsatisfactory, and 3% of the student
population moved up to Mastery. For T5, it appears that 5% of the student population moved
down from Mastery to Basic, 6% of the student population moved down from Approaching Basic
to Unsatisfactory, and 1% of the student population moved up from Approaching Basic to Basic.
Overall, 11% of T5’s student population moved down an achievement level, whereas only 1% of
T5’s student population moved up an achievement level.
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Differences in ALEKS implementation between HSA teachers and LSA teachers. There
were differences in ALEKS implementation between HSA and LSA teachers in all four survey
categories (i.e., Program Scheduling, Instructional Format, ALEKS Incentives, and ALEKS
Homework).
Program Scheduling. According to ALEKS (2017), lesson structures should be organized
with a routinely scheduled ALEKS lab component (ALEKS, 2017). Both HSA and LSA teachers
indicated that their lessons were structured with an integrated ALEKS lab component that was
routinely scheduled. However, there were considerable differences between the two groups in
relation to program time scheduling and the portion of class time dedicated to ALEKS: HSA
teachers typically implemented ALEKS at the beginning of class and dedicated approximately
twenty minutes of class time to ALEKS. In contrast, LSA teachers were more likely to implement
ALEKS towards the end of class. In fact, two out of the three LSA teachers dedicated
approximately thirty-five minutes of class time to ALEKS, whereas the other LSA teacher,
approximately twenty minutes.
Instructional Format. ALEKS (2017) strongly encouraged independent work on ALEKS
and that students should only receive assistance as needed. This recommendation was based on
previous research that indicated that independent work will improve students’ mathematics
achievement on formative and summative assessments (ALEKS, 2017). In fact, the ALEKS
corporation (2017) reported a statistically significant positive association between increased time
spent working independently on ALEKS and improved understanding of mathematics lectures
(ALEKS, 2017).
Survey responses indicated that HSA teachers required students to work independently on
ALEKS and that students occasionally received assistance from their teacher. In contrast, although
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LSA teachers required students to worked independently on ALEKS, students received assistance
from their teacher most of the time.
Concerning whole-group instruction and small-group instruction, both groups often
facilitated this approach to assist student groups who had similar difficulties on ALEKS, with the
exception of T4 (an LSA teacher). Although T4 often facilitated whole-group instruction, smallgroup instruction was occasionally facilitated.
In relation to breaks from ALEKS, survey responses indicated that HSA teachers always
assigned math-related activities during breaks from ALEKS. In contrast, survey responses from
LSA teachers varied. The frequency in which students took breaks from ALEKS to work on mathrelated activities are as follows: T2 (often); T4 (always); T5 (sometimes). This also indicated that
T2’s students rarely worked on activities that were not directly math-related, compared to the
frequency in which this occurred for T4’s students (never) and T5’s students (sometimes).
ALEKS Incentives. ALEKS (2017) recommended that rewards be provided each week to
discourage end-of-week procrastination. Additionally, ALEKS (2017) Grading & Motivation in
ALEKS recommended that ALEKS grades should be assigned according to the proportional
amount of time students spent on ALEKS each week in relation to the required amount of ALEKS
time for that week. This proportion can be converted to a percent, and from a percent, to points
on a ten-point scale (ALEKS, 2019). ALEKS (2017) emphasized the importance of not carrying
over the deficit or surplus of hours into the next grading period.
HSA teachers did not provide any incentives to encourage ALEKS use; however, T1
indicated that students received weekly grades according to ALEKS usage requirements per week
(i.e., the amount of time spent and topics mastered on ALEKS). Additionally, student-teacher

181

conferences were periodically conducted with students who did not meet their weekly dosage
requirement on ALEKS.
LSA teachers, with the exception of T2, typically provided ALEKS incentives. Concerning
ALEKS grades, LSA teachers provided extra credit for ALEKS work. Extra credit ranged from
10% of a student’s grade (for T2 and T4) to 50% of a student’s grade (for T5).
ALEKS Homework. ALEKS (2015) encouraged regular home use. Concerning HSA
teachers, T1 assigned ALEKS homework most of the time. T3 provided students the opportunity
to work on ALEKS during regular school hours as they would at home, during a thirty-minute
block. In contrast, LSA teachers, with the exception of T5, never assigned homework. T5 assigned
ALEKS homework all of the time.
Summary of the findings. Although several research studies have reported the benefits of
ALEKS usage on students’ mathematics achievement (Big Bear Middle School, 2012; Huang,
Craig, Xie et al., 2016; Oak Creek-Franklin School District, 2017), poor program implementation
(i.e., teachers who ineffectively utilize a program) or inconsistencies with program usage within
DISTRICT (particularly attributed to students’ affective states) were problematic. According to a
study conducted by Ikemoto, Steele, and Pane (2016), there was a negative association between
poor curriculum implementation and student achievement: The Cognitive Tutor Geometry
curriculum had a negative impact on students’ mathematics achievement because of ineffective
implementation of learner-centered practices. In fact, the recommended frequency of
implementing learner-centered practices fell well below what was prescribed for best results.
Similarly, in this study, students’ usage of ALEKS in terms of time spent fell well below
company recommendations, thereby, limiting program effectiveness. Additionally, there appeared
to be an association between ALEKS implementation and teacher rankings based upon their
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average LEAP performance scores (i.e., in relation to student achievement groups HSA and LSA).
In respect to the four survey categories (i.e., Program Scheduling, Instructional Formatting,
ALEKS Incentives, and ALEKS Homework), HSA teachers typically exercised program
recommendations and guidelines established by ALEKS (2017) Best Practices, with the exception
of not providing program incentives: Lesson structures were organized with a routinely scheduled
ALEKS Lab component. Students were encouraged to do independent work on ALEKS and only
received assistance when needed. Students received weekly grades according to ALEKS usage
requirements per week (i.e., the amount of time spent and topics mastered on ALEKS). Concerning
ALEKS homework, T1 encouraged ALEKS use at home most of the time. T3 devised an
alternative approach: Students were provided the opportunity to work on ALEKS during regular
school hours as they would at home during a thirty-minute block.
In contrast, LSA teachers typically deviated from ALEKS (2017) Best Practices for
program implementation in the following areas: Students typically received assistance from
teachers most of the time during ALEKS sessions. Teachers typically provided extra credit for
ALEKS work. Extra credit ranged from 10% to 50% of students’ grade for the course. LSA
teachers, except T5, never assigned home practice.
Not only did LSA teachers have lower student performance, two of the three LSA teachers
indicated that many students were unmotivated to using the program. These students had to be
closely monitored at all times because they were constantly finding ways to be off-task. In fact,
“gaming the system” behavior was frequently observed by two of the LSA teachers (i.e., T2 and
T4), and they mentioned that when observed, they intervened by redirecting students. According
to Baker, Walonoski, Hefferman, et al. (2008), there has been a negative association between
“gaming the system” behavior and student achievement. “Gaming the system” behavior includes
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the following: Logging into the program to accumulate time without working any problems;
inputting into the program a sequence of random guesses until the correct answer is revealed;
repeatedly accessing program-generated hints/explanations without making any effort to
understand instructional content; only working on memorized content (Baker, Walonoski,
Hefferman, et al., 2008). These behaviors stem from students’ emotional states such as boredom,
frustration, confusion, or just a general dislike of the program itself. One of the LSA teachers (T2)
mentioned that some students were more resistant to redirection, and those students expressed how
much they despised ALEKS. Although the remaining students did not express such a strong
dislike about the program, T2 added that they required close monitoring to remain on-task.
In essence, the overall low usage of ALEKS in terms of time spent, student behavior, and
program implementation appeared to have limited program effectiveness. Although the ALEKS
program has been effective in improving students’ mathematics achievement (Big Bear Middle
School, 2012; Huang, Craig, Xie et al., 2016; Oak Creek-Franklin School District, 2017), the
findings from this study suggest that the ALEKS program needs the support of the instructor to
better motivate students’ usage of the program and to more effectively curtail “gaming the system”
behaviors. From my observations, ALEKS does not effectively motivate students who are
accustomed to receiving frequent assistance from their teachers or classmates. In contrast, students
who experience great program benefits are typically self-motivated and are better acclimated in
doing independent work. Additionally, these students typically take responsibility for their own
learning. However, students who have not acquired this disposition tend to struggle with being
motivated to use ALEKS and often need external support to ensure program use.
Effective program implementation and highly motivated students are key to optimizing
program benefits. In this study, low ALEKS usage (i.e., concerning all five teachers), low student
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motivation (i.e., concerning two LSA teachers), and poor program implementation (i.e., LSA
teachers) limited the overall effectiveness of the ALEKS program. Although some teachers (i.e.,
T1, T3, and T5) indicated that their students loved ALEKS, other teachers (i.e., T2, and T4)
struggled with motivating their students to remain on-task during ALEKS sessions. It is also worth
noting that T3 (an HSA teacher) had a lower EMM than T4 (a LSA teacher) in the beginning of
the 2017 – 2018 academic school year. However, by the end of the school year, T3’s students
outperformed T4’s students on average by the end of 2018. These results suggest that ALEKS
implementation appeared to have made an impact on students’ LEAP performance.
The Nature of the Learning that takes Place on ALEKS
Distinguishing skills from concepts. The ALEKS program shares some attributes that
existed in some ITS predecessors such as Individually Prescribed Instruction (IPI): Lesson
scaffolding (lessons are based on prior performance); continuous assessments to determine content
proficiency; lessons that target skill mastery (Erlwanger, 1973). Although the ALEKS program
disassociates skills from concepts and assesses them individually, the theoretical premise upon
which skill-based items are distinguished from concept-based items are different from the
perspectives of many mathematics educators.

According to ALEKS (2017), mathematical

concepts are topics that apply a particular mathematical idea: For example. The topic
“Distinguishing between the area and perimeter of a rectangle” presented the following problem:
“The window’s glass will be replaced. Which measure [(area or perimeter)] would be used in
finding the amount of glass needed?” In contrast, skill-related items are procedural and typically
require algorithmic computation: For example, “Multiply. 1000 × 4.7” (ALEKS, 2017).
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Mathematics educators share are different perspective of what constitutes skills in
distinction to what constitutes concepts: Learning activities with a preset solution is considered a
skill, whereas problem-based exercises develop conceptual understanding (Kirshner, 2000).
According to their definition and considering that the theoretical framework of ALEKS is problembased learning, ALEKS does not address skills because all of its problems are exercises (Kirshner,
2000). Also, it has been an expressed concern amongst DISTRICT teachers that ALEKS tends to
target skill proficiency more so than concept proficiency. From their perspective, ALEKS
primarily generates problems that target skill-related items. The disproportionate generation of
what some DISTRICT teachers view as skill-related items and concept-related items may have
merit. The findings from this study indicated that skill mastery on ALEKS registered statistically
significant (despite low ALEKS usage in terms of hours spent), whereas concept mastery on
ALEKS did not register statistically significant. Earlier, it was speculated that perhaps students
spent more time on ALEKS mastering skills than concepts. However, considering the prevailing
perspectives from DISTRICT teachers in relation to problem-type generation, the ALEKS
program may have provided more opportunities for mastering skill-related items than conceptrelated items.
Implications for ALEKS Usage within DISTRICT
The implications discussed in this study are based upon student demographics, ALEKS
curriculum used, ALEKS usage in relation to student demographics, ALEKS usage in relation to
teacher differences, student achievement on ALEKS, student achievement on the LEAP
mathematics assessment, and the quality of program implementation with respect to ALEKS
(2017) Best Practices.
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ALEKS usage in terms of time spent. The findings from this study indicate that low ALEKS
usage in relation to recommended usage limited my ability to assess the effectiveness of the
program. If DISTRICT would like to do a full assessment of the effectiveness of ALEKS, they
will have to establish levels of usage for teachers. The levels of ALEKS usage must address the
following: The amount of time students should spend on ALEKS per week and per school
semester; the manner in which ALEKS should be implemented; how to effectively progress
monitor student engagement and achievement on ALEKS; grading practices that motivate ALEKS
usage; and how to encourage home practice with ALEKS through parental involvement.
Program dosage requirements in terms of the amount of time students should spend on
ALEKS is crucial to program effectiveness, and therefore, must be addressed: In this study, the
amount of time students spent on ALEKS was not statistically related to 2018 LEAP performance,
partially due to low program usage relative to company recommendation. At best, some students
spent a little less than 40% of the minimum time requirement recommended by ALEKS (2017) in
each of the classrooms. However, Tier I students should spend at least 2 hours per week on
ALEKS, and Tier 3 students should spend at least 3 hours per week on ALEKS (ALEKS, 2017).
For an academic school year, this translates to at least 60 hours on ALEKS (ALEKS, 2017). The
reason: According to ALEKS (2017), program benefits become more observable in relation to
more time spent on the program.
Considering differences in class period duration across the district, it might be feasible for
DISTRICT to establish levels of ALEKS usage with respect to class period duration: For example,
class period durations ranged from 30 minutes to 90 minutes during the 2017 – 2018 academic
school year. Taking into consideration that some teachers struggled with covering grade-level
mathematics content and fulfilling program dosage requirements in terms of time spent,
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encouraging more time with ALEKS at home is one way to provide students the opportunity to
fulfill program dosage requirements if the amount of class time is insufficient (ALEKS, 2017). An
alternative. According to Huang, Craig, Xie, et al. (2016), offering ALEKS practice during afterschool tutoring may be a viable solution for ensuring the fulfillment of program dosage
requirements. Another alternative. Enrolling students into an ALEKS-led course in addition to a
regular mathematics course may be an effective solution for some schools: A study conducted by
Huang, Craig, Xie et al. (2016) reported a positive association between ALEKS-led classrooms
and students’ mathematics achievement.
ALEKS implementation. In accordance with ALEKS guidelines, teachers should start using
ALEKS at the beginning of the course and use it consistently throughout the course to get the full
benefit of the ALEKS program (ALEKS, 2017). With respect to the four survey categories (i.e.,
Program Scheduling, Instructional Formatting, ALEKS Incentives, and ALEKS Homework),
ALEKS should be implemented according to ALEKS (2017) Best Practices, which are as follows:
Lesson structures should be organized with a routinely scheduled ALEKS Lab component.
Students should be encouraged to do independent work on ALEKS and only receive assistance
when needed (ALEKS, 2017). To increase student motivation for program use, ALEKS should
be incorporated into the course grading scheme (ALEKS, 2017). Grades should be assigned with
respect to ALEKS usage in terms of the percentage of time students are required to spend on
ALEKS each week as well as the number of topics students are required to master on ALEKS each
week. Additionally, ALEKS usage should be factored as 15% of a student’s grade at minimum
(ALEKS, 2017).
ALEKS home practice. According to ALEKS (2017) Best Practices, ALEKS home practice
should be encouraged with the support of parental monitoring. NCTM (2014) Best Practices also
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encouraged home practice. Additionally, parental monitoring at home is just at crucial as it is in
the classroom.

Student engagement on ALEKS can be monitored through integrated program

tools such as ALEKS Time and Topic Reports and ALEKS Detail Reports (ALEKS, 2017). These
tools not only allow teachers and parents to view the number of problems students practiced,
including the amount of time spent on each problem, but also the specific topics that were
attempted and mastered.
Recommendations for Future Research
Recommendations for future research are intended to strengthen this study if replicated.
They are as follows:
First, the amount of engaged time students spend on ALEKS needs to be studied to
determine the impact of ALEKS usage on student achievement. Previous studies have reported
associations between student motivation and program effectiveness (Baker, 2009; Cordova &
Lepper, 1996; Bickmore & Picard, 2004; Baker, Corbett, & Koedinger, 2004; Baker, Walonoski,
Hefferman, Corbett, & Koedinger, 2008; Baker, Xie, Mojarad, et al., 2017). Results from this
study indicate that student behavior may have had a significant influence on program effectiveness.
Second, several different ALEKS curricula were used within DISTRICT. A more in depth
study might compare the relative effects of these curricula in promoting student achievement.
Third, generating correlations between each instructional approach and students’ LEAP
performance may reveal best implementation methods that were utilized in addition to the ones
mentioned in ALEKS (2017) Best Practices.

For example, associations between whole-group

instruction, small-group instruction, when ALEKS was implemented (i.e., in the beginning,
middle, or end of class), the types of activities conducted during breaks from ALEKS (i.e., mathrelated or not math-related), and LEAP performance could be assessed for statistical significance.
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Determining the degree to which each approach impacts student achievement is crucial to
understanding which practices work best for DISTRICT students.
Limitations of the Study
There were several limitations in this study. They are as follows: First, DISTRICT placed
restrictions for matching teachers’ survey responses with students’ ALEKS usage data. Therefore,
associations could not be determined between specific implementation practices and students’
LEAP performance. Additionally, there were schools that had several eighth-grade math teachers
who used ALEKS. For these schools, it was impossible to correctly match with absolute certainty
each teacher with his/her students. Therefore, statistical analyses could not be extended to those
teachers, which limited the teacher-level analysis in this study to five teachers.
Second, low ALEKS usage in terms of hours spent and concepts mastered limited my
ability to assess the potential impact of ALEKS usage on LEAP performance within DISTRICT.
Third, only the overall scale scores for the LEAP mathematics assessment were provided.
DISTRICT did not provide students’ LEAP performance data with respect to each mathematical
domain that was assessed. Therefore, associations could not be made in relation to students’
ALEKS usage variables and their LEAP performance for each mathematical domain.
Fourth, the sample student population for most teachers in this study was insufficient to
include an additional control variable (i.e., class attendance) into HMR models. Class attendance
was found to have a statistically significant impact on LEAP performance in the district-level data
analysis for this study.
Fifth, the amount of engaged time students spent on ALEKS could not be provided from
DISTRICT. If it was provided, the amount of engaged time students spent on ALEKS could have
been assessed as a control variable. HMR analyses could then determine whether or not the
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amount of engaged time students spent on ALEKS made a statistically significant impact on LEAP
performance, and if so, to which degree.
Sixth, differences in teacher effectiveness complicated my efforts to assess the potential
impact of ALEKS. To adequately address this, I needed a measure of teacher effectiveness that
was independent of the data used for this study, such as value added scores (or VAM scores).
However, value added scores were not available for this study. Therefore, teacher effectiveness
was addressed in two ways: ANCOVA and HMR models.
ANCOVA. ANCOVA was used to control for differences in the readiness of students
taught by teachers T1 – T5. These teachers were grouped into high and low achieving groups
based on their EMMS on the 2017 – 2018 LEAP mathematics assessment. Additionally, survey
results for these teachers were used to determine if there were differences in ways the high and
low performing groups used ALEKS.
HMR models. HMR models or within-teacher regressions were generated to determine
the impact of ALEKS usage on student performance without the influence of teacher effectiveness
differences. The challenge of employing this approach were insufficient class sizes in many of the
cases. Such cases need to be interpreted with caution.
Conclusion
Although many studies have reported the effects of ALEKS on student achievement, I have
not come across any studies that examined correlations between ALEKS implementation and
student achievement. To some degree, this study explained why some ALEKS usage variables
were effective in promoting student learning and why other ALEKS usage variables were not
effective. Also, the thematic analysis of survey responses concerning ALEK implementation
provided some explanation as to why some teacher had high student achievement and why other
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teachers had low student achievement. In relation to student achievement, HSA teachers more
closely followed ALEKS (2017) Best Practices compared to LSA teachers. However, the potential
impact of ALEKS on student achievement could not be realized, due to low ALEKS usage across
the DISTRICT in terms of hours spent. Therefore, future research is needed to get truer sense of
program benefits.
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APPENDIX B. PARTICIPANT INFORMED CONSENT
School Administrator Consent Form

Project Title: Using the ALEKS program for Improving Student Achievement in Mathematics
Performance Site:
Investigators:
Verna Richard
Mathematics Curriculum & Instruction, LSU
vricha1@lsu.edu
Dr. Eugene Kennedy
Professor of Educational Research
225-578-2193
ekennedy@lsu.edu
Purpose of the Study: The purpose of the ALEKS program is to improve students’ mastery of
mathematical concepts. In this study, I plan to examine the impact of the ALEKS program on
student learning to determine whether or not there is a benefit to using the program.
Inclusion Criteria: Children between the ages of 12 - 15 years old.
Exclusion Criteria: N/A
Description of the Study: Students participating in this program will be encouraged to spend at
least two (2) hours per week on the ALEKS program. Because each student has his/her own
ALEKS account, he/she can complete assignments and do extra practice activities anywhere at
any time. Assignments from ALEKS will specifically target the prerequisite knowledge/skills for
the current unit involving rational number constructs and applications. Students will be
encouraged to put forth their best effort to work each and every problem, together with meeting
the required time duration of two (2) hours per week, for it is to their best interest academically as
well as to their improved performance on the upcoming mathematics benchmark exam. During
in-class ALEKS sessions, the primary role of the teacher will be that of a guide or facilitator
because the main goal of this content remediation/reinforcement effort is to instill within students
self-motivation and self-awareness throughout the entire process of their logic and development
of critical thinking skills.
Benefits: Results from this study can be useful in providing valuable information for improving
student achievement through best practices for program implementation to maximize the learning
potential of all students.
Risks: There are no known risks.
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Right to Refuse: Participation is voluntary, and a child will become part of the study only if both
child and parent agree to the child's participation. At any time, either the subject may withdraw
from the study or the subject's parent may withdraw the subject from the study without penalty or
loss of any benefit to which they might otherwise be entitled.
Privacy: The school records of participants in this study may be reviewed by investigators. Results
of the study may be published, but no names or identifying information will be included for
publication. Subject identity will remain completely anonymous and confidential unless
disclosure is required by law.
Financial Information: There is no cost for participation in the study, nor is there any
compensation to the subjects for participation.
Signatures:
The study has been discussed with me and all my questions have been answered. I may direct
additional questions regarding study specifics to the investigator. If I have questions about subjects'
rights or other concerns, I can contact Dennis Landin, Chairman, Institutional Review Board, (225)
578-8692, irb@lsu.edu, www.lsu.edu/irb. I will allow my students to participate in the study
described above and acknowledge the investigator's obligation to provide me with a signed copy
of this consent form.
School Administrator's Signature:__________________________
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Date:_______________

APPENDIX C. DISTRICT-LEVEL OF ALEKS USAGE BY
DEMOGRAPHICS
Table C.1. District-Level ALEKS Usage of African American Students
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
622
622
622
482
558
Missing
0
0
0
140
64
Mean
5:48:36
7
16
29
708
Median
3:39:30
1
8
22
707
Mode
0:00:00
0
0
10
684
Std. Deviation
6:01:10
12
22
23
28
Minimum
0:00:00
0
0
0
650
Maximum
23:18:00
64
100
100
788
Percentiles 25
1:03:00
0
0
11
684
50
3:39:30
1
8
22
707
75
9:15:30
10
26.00
41
724

Table C.2. District-Level ALEKS Usage of Asian Students

N

Valid
Missing

Mean
Median
Mode
Std. Deviation
Minimum
Maximum
Percentiles 25
50
75

Total
Concepts
First Semester End-of-Year
Hours Mastered (%) Skills Percent Skills Percent
31
31
31
30
0
0
0
1
11:30:11
11:24:00
0:13:00a
7:30:28
0:13:00
23:37:00
4:39:00
11:24:00
18:54:00

29
29
17
13
0
51
24
29
40
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50
54
46
25
0
99
42
54
63

55
55
55
18
8
100
47
55
65

2018 LEAP
Math Scale
Score
13
18
743.54
735.00
724a
25.228
707
788
725.50
735.00
766.00

Table C.3. District-Level ALEKS Usage of Hispanic Students
Total
Concepts
First Semester End-of-Year
Hours Mastered (%) Skills Percent Skills Percent
N
Valid
60
60
60
53
Missing
0
0
0
7
12
Mean
8:32:38
18
25
6
Median
6:52:00
12
18
0
Mode
0:00:00
0
18
13
Std. Deviation
6:46:28
20
20
Minimum
0:00:00
0
0
1
Maximum
23:52:00
44
84
88
Percentiles 25
2:48:00
0
1
10
50
6:52:00
6
12
18
75
14:11:00
20
26
39

2018 LEAP
Math Scale
Score
49
11
704.65
697.00
691
33.873
650
786
684.00
697.00
719.50

Table C.4. District-Level ALEKS Usage of White Students

N

Valid
Missing

Mean
Median
Mode
Std. Deviation
Minimum
Maximum
Percentiles 25
50
75

Total
Concepts
First Semester End-of-Year
Hours Mastered (%) Skills Percent Skills Percent
68
68
68
64
0
0
0
4
10:40:31
22
39
45
10:30:30
24
39
44
a
0:00:00
0
0
30
7:42:43
12
21
18
0:00:00
0
0
9
23:40:00
52
100
100
3:21:00
16
23
30
10:30:30
24
39
43
18:08:00
28
54
57
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2018 LEAP
Math Scale
Score
37
31
733.76
732.00
707
30.741
667
788
707.00
732.00
758.50

Table C.5. 2017 – 2018 District-Level of ALEKS Usage by Male Students
First
Concepts Semester
Total Mastered
Skills
End-of-Year Skills 2018 LEAP Math
Hours
(%)
Percent
Percent
Scale Score
N
Valid
393
393
393
316
329
Missing
0
0
0
77
64
9
Mean
6:46:31
19
31
707.56
3
Median
4:33:00
11
24
702.00
0
Mode
0:00:00
0
3
697
13
Std. Deviation
6:28:56
24
24
29.876
Minimum
0:00:00
0
0
0
650
Maximum
23:52:00
64
100
100
788
Percentiles 25
1:04:30
0
0
13
684.00
50
4:33:00
3
11
24
702.00
75
10:52:30
16
31
44
724.00

Table C.6. 2017 – 2018 District-Level of ALEKS Usage by Female Students
Concepts
2018 LEAP
Total
Mastered
First Semester
End-of-Year
Math Scale
Hours
(%)
Skills Percent Skills Percent
Score
N
Valid
388
388
388
313
328
Missing
0
0
0
75
60
Mean
6:33:45
10
20
32
712.34
Median
4:03:00
3
11
29
711.00
Mode
0:00:00
0
0
7
684
Std. Deviation
6:36:23
14
23
22
29.549
Minimum
0:00:00
0
0
1
650
Maximum
23:45:00
52
100
100
788
Percentiles 25
1:16:15
0
0
14
691.00
50
4:03:00
3
11
29
711.00
75
10:09:30
22
34
47
730.00

204

Table C.7. 2017 – 2018 District-Level of ALEKS Usage by Non-LEP Students
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
755
755
755
607
633
Missing
0
0
0
148
122
Mean
6:35:21
10
20
32
710.55
Median
4:10:00
2
11
707.00
27
Mode
0:00:00
0
0
10
684
Std. Deviation
6:32:55
13
24
23
29.937
Minimum
0:00:00
0
0
0
650
Maximum
23:52:00
290
100
100
788
Percentiles 25
1:10:00
0
0
13
691.00
50
4:10:00
2
11
27
707.00
75
10:15:00
19
34
46
730.00

Table C.8. 2017 – 2018 District-Level of ALEKS Usage by LEP Students
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
26
26
26
22
24
Missing
0
0
0
4
2
Mean
9:00:18
7
14
22
694.17
Median
8:14:00
6.4
10
18
691.00
a
Mode
0:00:00
0
0
15
691
Std. Deviation
5:57:32
8
14
13
20.224
Minimum
0:00:00
0
0
1
654
Maximum
19:08:00
31.5
48
49
740
Percentiles 25
3:26:45
0
1
14
684.00
50
8:14:00
6.4
10
18
691.00
75
14:19:00
11
23
32
707.00
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Table C.9. 2017 – 2018 District-Level of ALEKS Usage by Non-SPED Students
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
730
730
730
580
610
Missing
0
0
0
150
120
Mean
6:31:41
9.5
20
32
710.26
Median
4:01:30
2
11
28
707.00
Mode
0:00:00
0
0
10
684
Std. Deviation
6:34:08
13
24
23
29.804
Minimum
0:00:00
0
0
0
650
Maximum
23:52:00
64
100
100
788
Percentiles 25
1:09:00
0
0
13
691.00
50
4:01:30
2
11
28
707.00
75

10:17:45

17

34

46

727.00

Table C.10. 2017 – 2018 District-Level of ALEKS Usage by SPED Students
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
51
51
51
49
47
Missing
0
0
0
2
4
Mean
8:41:35
13
17.2
25.3
705.91
Median
7:16:00
7
11
17
707.00
Mode
2:06:00
0
11
13
676
Std. Deviation
5:48:55
13.6
19.7
20.8
29.585
Minimum
0:16:00
0
0
2
654
Maximum
22:15:00
49
100
100
766
Percentiles 25
3:57:00
1.7
2
11
676.00
50
7:16:00
7
11
17
707.00
75
13:47:00
24.5
28
40.5
727.00
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Table C.11. 2017 – 2018 District-Level of ALEKS Usage by Non-Repeaters
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
760
760
760
621
640
Missing
0
0
0
139
120
Mean
6:49:35
45.68
20.13
31.85
710.25
Median
4:33:00
14.00
12.00
27.00
707.00
Mode
0:00:00
0
0
10
684
Std. Deviation
6:33:27
59.750
23.836
23.158
30.030
Minimum
0:00:00
0
0
0
650
Maximum
23:52:00
290
100
100
788
Sum
5188:13
34715
15298
19777
454558
Percentiles 25
1:17:00
.00
.00
13.00
691.00
50
4:33:00
14.00
12.00
27.00
707.00
75
10:45:00
86.00
34.00
45.50
729.25

Table C.12. 2017 – 2018 District-Level of ALEKS Usage by Repeaters
2018 LEAP
Total
Concepts
First Semester End-of-Year
Math Scale
Hours Mastered (%) Skills Percent Skills Percent
Score
N
Valid
21
21
21
8
17
Missing
0
0
0
13
4
Mean
0:59:22
1.05
1.33
4.13
698.76
Median
0:40:00
.00
.00
3.00
691.00
Mode
0:40:00
0
0
3
691
Std. Deviation
1:21:43
4.577
1.853
2.232
15.015
Minimum
0:00:00
0
0
3
667
Maximum
6:27:00
21
6
9
718
Sum
20:47:00
22
28
33
11879
Percentiles 25
0:19:00
.00
.00
3.00
691.00
50
0:40:00
.00
.00
3.00
691.00
75
1:06:00
.00
3.00
5.25
714.50
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APPENDIX D. ASSUMPTIONS TESTED FOR HMR MODELS

Table D.1. Test for Multicollinearity
Correlations
Partial Part Tolerance VIF

Model
(Constant)
2017 LEAP Math Scale Scores
Days Absent
Concepts Mastered
First Semester Skills Percent
End-of-Year Skills Percent
Total Hours

.697
-.129
.078
.108
-.015
-.033

.587
-.079
.047
.066
-.009
-.020

.714
.867
.663
.239
.230
.785

1.400
1.154
1.509
4.189
4.344
1.274

Table D.2. Testing Standardized Residuals for Outliers
Minimum Maximum Mean Std. Deviation N
Cook's Distance
.000
.192 .003
.012 340

Partial Regression Plot for 2017
LEAP Performance and 2018 LEAP
Performance

Partial Regression Plot for First
Semester Skills Percent and 2018
LEAP Performance

Partial Regression Plot for Days
Absent and 2018 LEAP
Performance

Partial Regression Plot for End-ofYear Skills Percent and 2018
LEAP Performance

Figure D.1. Tests for Linearity
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Partial Regression Plot for
Concepts Mastered and 2018 LEAP
Performance

Partial Regression Plot for Total
Hours and 2018 LEAP Performance

Figure D.2. Homoscedasticity of Residuals

Figure D.3. Testing Standardized Residual Distribution for Normality
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APPENDIX E. ASSUMPTIONS TESTED FOR INDEPENDENT SAMPLES
T-TEST

Figure E.1. Testing for Outliers

Standardized Residual Distribution for Non-Mobile
Students

Standardized Residual Distribution for Mobile
Students

Figure E.2. Testing Standardized Residual Distribution for Normality
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APPENDIX F. ASSUMPTIONS TESTED FOR PAIRED SAMPLES T-TEST

Figure F.1. Testing for Outliers

Figure F.2. Testing for Normality
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APPENDIX G. ASSUMPTIONS TESTED FOR ANCOVA ANALYSIS
T1

T2

T3

T4

T5

Figure G.1. Linear Associations between 2017 LEAP Scores and 2018 LEAP Scores for Teachers T1 –
T5

T1

T2

T3

T4

T5

Figure G.2. Linear Associations between Days Absent and 2018 LEAP Scores for Teachers T1 – T5

Figure G.3. Testing for Homogeneity of Variances

Figure G.4. Testing for Normality
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Table G.1. Testing for Homogeneity of Regression Slopes

Source
Corrected Model
Intercept
TeacherID
2017MathScaleScore
Days Absent
TeacherID *
2017MathScaleScore
TeacherID * Days
Absent
Error
Total
Corrected Total

Type III Sum of
Squares
74818.450a
5624.335
576.919
33539.059

df
14
1
4
1

1300.928
630.232

1
4

Mean
Square
5344.175
5624.335
144.230
33539.05
9
1300.928
157.558

1147.712

4

286.928

81165.416
118529728.000
155983.866

223
238
237

363.970
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F
Sig.
14.683 .000
15.453 .000
.396 .811
92.148 .000

Partial
Eta
Noncent.
Squared Parameter
.480
205.562
.065
15.453
.007
1.585
.292
92.148

3.574
.433

.060
.785

.016
.008

3.574
1.732

.788

.534

.014

3.153

APPENDIX H. ALEKS SURVEY
Section A
1) There are different versions of ALEKS serving many different courses. Please indicate
below all of the courses you taught in the 2017 -2018 school year using ALEKS. For
each course you select, indicate the specific class period or class periods you had for
that course in the provided textbox.
• I did not teach any courses using ALEKS in 2017 – 2018.
• “Middle School Math Course 3.” How many classes/sections did you use this
curriculum?
• “RtI 8”- i.e. “Response to Intervention” for grade 8. How many classes/sections
did you use this curriculum?
Section B
Program Scheduling: Timing Issues During the School Day
2) If you had more than one class, did you use the same approach for all classes?
• If yes, please answer these survey questions for all of the classes.
• If no, please select one of your classes and answer the rest of the survey on the
basis of that one class. Which class is this (i.e. course name and section
numbers?
3) During the 2017 – 2018 academic school year, my ALEKS course was on__________.
• Block schedule (90 minute classes every day)
• Block schedule (90 minute classes every other day)
• Regular schedule (60 minute classes every day)
• Some other schedule: Please provide a brief explanation.
4) During the 2017 – 2018 academic school year, I used my ALEKS course
in_____________.
• Just a few of the class periods
• About half of the class periods
• Almost every class period
• Every class period
5) When I used ALEKS during class time, I typically used it for ____% of the class. Please
use the drop-down menu to indicate the percentage of class time that was dedicated to
ALEKS.
• 10%
• 20%
• 30%
• 40%
• 50%
• 60%
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•
•
•
•
•

70%
80%
90%
100%
I’m not sure.

6) I typically used ALEKS during the __________.
• Beginning of class
• Middle of class
• End of class
• None of the above, I typically used ALEKS for the whole class period
Section C
Instructional Format: How ALEKS was used
7) Typically, when my students worked on ALEKS, they worked ________________.
• Independently
• Mostly independently but with some time for students working in groups of
two or more
• About half independent/half group work
• Mostly group work but with some independent work time
• Group work only
8) Students could receive assistance from me while working on ALEKS.
• Never
• Some of the time
• About half of the time
• Most of the time
• All the time
9) For this item, please select all that apply. Select “Other” to specify how your course was
typically organized (in the textbox) if it is not listed below.
However, if “Other” does not apply, just type in the textbox “N/A” or “does not apply.”
During a typical day of instruction,
• I have students work on ALEKS for the whole class period.
a) Never b) Rarely c) Sometimes d) Often e) Always
• When I introduce new topics, I teach to the whole class. Then I have students work
on ALEKS.
a) Never b) Rarely c) Sometimes d) Often e) Always
• When I see many students having similar difficulties with ALEKS, I work with the
whole class to review a topic.
a) Never b) Rarely c) Sometimes d) Often e) Always
• When I see certain groups of students having similar difficulties with ALEKS, I
work with students in small groups.
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•
•
•

a) Never b) Rarely c) Sometimes d) Often e) Always
We take breaks from ALEKS and do math activities that are not tied to ALEKS.
a) Never b) Rarely c) Sometimes d) Often e) Always
We take breaks from ALEKS and do activities that are not directly math related.
a) Never b) Rarely c) Sometimes d) Often e) Always
Other. Please specify below.
Section D
ALEKS Incentives

10) I provided incentives/rewards to students to encourage use of ALEKS.
• No
• Yes
11) I rewarded students for the following accomplishments in ALEKS. Select all that apply.
Select “Other” if there were other or additional accomplishments you rewarded to
students that are not listed below.
• Reached a topic goal in ALEKS within a particular time period
• Acquired the highest percentage of learning topics in ALEKS with respect to
other classmates within a particular time period
• Spent the most amount of time on ALEKS with respect to their classmates within
a particular time period
• Other. Please specify other ALEKS accomplishments you rewarded.
12) Select all rewards you used to encourage student engagement with ALEKS. Select
“Other” if there were other or additional incentives you provided to students that are not
listed below.
• Extra credit worth ____percent of their grade. Specify percentage.
• Special recognition in school newsletter/website or school announcements
• Prizes
• Parties
• Homework passes
• Other. Please specify if you used other incentives.
13) How did you assign grades for ALEKS work?
Section E
ALEKS Homework
14) I assign homework _____________.
• Never
• Some of the time
• About half the time
• Most of the time
• All of the time
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15) It is my assumption that students are able to access ALEKS from home.
• No
• Yes
16) When I do assign homework, it is primarily ALEKS homework.
• No
• Yes
17) When my students use ALEKS, it is primarily for homework; I don’t use ALEKS much
during class time.
• No
• Yes
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APPENDIX I. ASSOCIATION BETWEEN THE VARIABLE FSSP AND
LEAP PERFORMANCE

Table I.1. Association Between the Variable FSSP and LEAP Performance for T1
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
110.548
117.427
.941
@2017MathScaleScoreMZero
.849
.162
.654 5.254
2 (Constant)
86.811
107.053
.811
@2017MathScaleScoreMZero
.880
.147
.678 5.976
Sem1SkillsPct
2.703
.913
.336 2.961

Sig.
.353
.000
.423
.000
.005

Table I.2. Association Between the Variable FSSP and LEAP Performance for T2
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
107.479
105.675
1.017
@2017MathScaleScoreMZero
.834
.149
.570 5.595
2 (Constant)
163.228
112.086
1.456
@2017MathScaleScoreMZero
.746
.160
.510 4.650
Sem1SkillsPct
.294
.208
.155 1.410

Sig.
.313
.000
.150
.000
.163

Table I.3. Association Between the Variable FSSP and LEAP Performance for T3
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
255.574
152.329
1.678
@2017MathScaleScoreMZero
.640
.212
.470 3.013
2 (Constant)
442.990
132.011
3.356
@2017MathScaleScoreMZero
.345
.187
.254 1.846
Sem1SkillsPct
1.032
.249
.570 4.153

Sig.
.103
.005
.002
.074
.000
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Table I.4. Association Between the Variable FSSP and LEAP Performance for T4
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
276.011
119.875
2.302
@2017MathScaleScoreMZero
.605
.169
.462 3.571
2 (Constant)
314.549
119.542
2.631
@2017MathScaleScoreMZero
.537
.171
.410 3.151
Sem1SkillsPct
.249
.144
.225 1.724

Sig.
.026
.001
.012
.003
.091

Table I.5. Association Between the Variable FSSP and LEAP Performance for T5
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
251.770
91.183
2.761
@2017MathScaleScoreMZero
.628
.130
.580 4.831
2 (Constant)
341.733
87.921
3.887
@2017MathScaleScoreMZero
.496
.126
.458 3.941
Sem1SkillsPct
.457
.143
.370 3.188

Sig.
.008
.000
.000
.000
.003
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APPENDIX J. ASSOCIATION BETWEEN THE VARIABLE EOYSP AND
LEAP PERFORMANCE

Table J.1. Association Between the Variable EOYSP and LEAP Performance for T1
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
110.548
117.427
.941
@2017MathScaleScoreMZero
.849
.162
.654 5.254
2 (Constant)
355.023
139.459
2.546
@2017MathScaleScoreMZero
.478
.200
.368 2.391
EOYSkillsPctScale
.947
.342
.427 2.773

Sig.
.353
.000
.015
.022
.009

Table J.2. Association Between the Variable EOYSP and LEAP Performance for T2
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
107.479
105.675
1.017
@2017MathScaleScoreMZero
.834
.149
.570 5.595
2 (Constant)
149.284
115.238
1.295
@2017MathScaleScoreMZero
.767
.166
.524 4.614
EOYSkillsPctScale
.184
.201
.104 .916

Sig.
.313
.000
.200
.000
.363

Table J.3. Association Between the Variable EOYSP and LEAP Performance for T3
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
255.574
152.329
1.678
@2017MathScaleScoreMZero
.640
.212
.470 3.013
2 (Constant)
421.982
134.732
3.132
@2017MathScaleScoreMZero
.368
.191
.271 1.924
EOYSkillsPctScale
.817
.213
.538 3.828

Sig.
.103
.005
.004
.064
.001

220

Table J.4. Association Between the Variable EOYSP and LEAP Performance for T4
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
276.011
119.875
2.302
@2017MathScaleScoreMZero
.605
.169
.462 3.571
2 (Constant)
310.245
120.389
2.577
@2017MathScaleScoreMZero
.544
.172
.415 3.160
EOYSkillsPctScale
.205
.135
.199 1.516

Sig.
.026
.001
.013
.003
.136

Table J.5. Association Between the Variable EOYSP and LEAP Performance for T5
Unstandardized
Standardized
Coefficients
Coefficients
Model
B
Std. Error
Beta
t
1 (Constant)
234.835
110.692
2.122
@2017MathScaleScoreMZero
.659
.158
.657 4.184
2 (Constant)
334.268
102.508
3.261
@2017MathScaleScoreMZero
.505
.147
.503 3.423
EOYSkillsPctScale
.488
.170
.423 2.875

Sig.
.045
.000
.004
.002
.009
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222

