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The application of digital technologies to teach mathematics is increasing
and how educators use these tools and their impact on the performance of
students needs to be sufficiently researched. In this study, we explore middle
school mathematics teachers’ utilization of Algebra Nation (AN), an online

Accepted Sep 30, 2025 instructional resource, to supplement instruction and improve the
performance of their mathematics students, particularly in algebra. A survey
was conducted involving 596 teachers and a quasi-experimental trial.
We examined the relationship between AN use and Algebra I end-of-course
(EOC) exam performance. The findings showed that engagement in AN
observed through student login, video watches, and professional teacher
. development is associated with improved student’s success rates in
Learning mathematics. This study also revealed that challenges such as digital
Mathematics disparity, data privacy issues, and professional teacher development were
Online tools identified to impact the effective implementation of digital technologies in
teaching mathematics. This study recommends that there should be
systematic integration of web resources, combined with targeted teacher
training to significantly enhance mathematics instruction. These conclusions
inform future technology adoption and policymaking, with emphasis on
equal access and systemic teacher support.
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1. INTRODUCTION

The fourth industrial revolution, characterized by the rapid advancement regarding electronic device
and their integration into every aspect of society, is reshaping the landscape of education [1]. In this
transformative era, mathematical education stands at the forefront, tasked with preparing students to thrive in
an increasingly digitized world. Traditional approaches to teaching and learning mathematics are being
reexamined as educators seek innovative strategies to harness the potential of emerging technologies [2].
This sets the stage for exploring the evolving paradigm of mathematical education in the age of the fourth
industrial revolution, emphasizing the use of online resources to improve educational results [3]. By
examining the intersection of mathematics education and digital innovation, we can gain insights into how
educators are adapting pedagogical practices to accommodate students’ changing needs in the age of
technology [4], [5]. The integration of online tools into mathematical education offers unprecedented
opportunities to engage learners, personalize instruction, and foster deeper conceptual understanding.
Interactive platforms, virtual simulations, and adaptive learning algorithms provide students with dynamic
possibilities for education catered to their unique requirements and educational preferences [6].
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The incorporation of online resources has completely changed the educational environment in the
current technological age, particularly in the realm of mathematics [7]. In addition to keeping students
interested, these resources provide dynamic and interactive platforms that improve their comprehension and
competency in mathematical ideas. This investigation explores the various ways that online resources are
being used to enhance mathematics education. The capacity of online resources to offer individualized
learning experiences catered to each student’s unique requirements and learning preferences is one of its
main benefits. Students can study mathematical ideas at their own pace with the use of interactive tutorials,
virtual manipulatives, and multimedia materials, which strengthen comprehension through practical
application [8]. Real-time assessment and feedback are made possible by the adaptable nature of many online
programs, which helps teachers pinpoint students’ areas of difficulty and offer them focused support.
Teachers can monitor student progress, identify misconceptions, and tailor instructional interventions to meet
individual learning needs by utilizing algorithms and data. Regardless of their geographical location, students
can participate in peer-to-peer conversation and problem-solving activities thanks to online tools that support
collaborative learning experiences [9]-[11]. Beyond the typical classroom, online classes, discussion boards,
and group projects enhance educational opportunities by fostering a feeling of community and group learning.

Understanding important factors like digital equity, data privacy, and teacher preparedness is
essential when incorporating online resources into mathematics instruction. To prevent learning inequalities,
it is essential to guarantee that every student has equitable access to technology and a dependable internet
connection [12]. In order to successfully integrate digital tools into their classrooms, educators also need to
receive adequate training. To give teachers the know-how to maximize online resources for improved student
learning, professional development programs emphasizing digital literacy, instructional tactics, and
technological abilities are essential. Digital resources can help students become more involved, customize
their education, and develop a deeper comprehension of mathematical ideas [3]. By using these resources,
teachers may provide inclusive, dynamic learning environments that help students thrive in math and other
subjects. Initiatives like the no child left behind act and the creation of academic standards have raised the
pressure to raise student success. Standardized testing is frequently used to gauge student performance in
schools, especially in math-related courses. The results may have an effect on administration, personnel, or
funding [13]. Teachers have looked for classroom materials and professional development to improve
education in response to these high-stakes testing contexts. Although studies indicate that technology can
improve learning and assist in teaching mathematics [14], [15], not every teacher uses these techniques right
away, and they do not always lead to appreciable gains in student performance. The interactions between
technology, instructional strategies, student involvement, and instructional materials require further research.
As the educational system adapts to the demands of the fourth industrial revolution, this is particularly
crucial. In an era of rapid educational change, this article examines how math teachers employed an online
algebra tutoring platform and how it impacted their students’ performance on standardized tests.

Despite the fact that many students find mathematics difficult, it is seen as an essential component
of K-12 education and a prerequisite for success in postsecondary education [16]. In particular, higher
professional earnings, graduation rates, and college admission have all been associated with high school
algebra completion [17]. Since mathematics is a necessary subject for success in the future, standardized tests
are significant. These assessments are now a crucial component of the modern educational system, being
used to compare national and international school results, assess the efficacy of teachers, and monitor student
progress. Concerned about their students’ poor performance, many educators are searching for instructional
resources to help their pupils improve their ability to reason and comprehend mathematical ideas. Strategic
technology integration can greatly improve mathematics instruction, even though not all technological
instruments are successfully accepted or have strong teacher support [18], [19]. It provides students with
worthwhile chances to delve further into mathematical ideas [20]. Although teachers can use a wide range of
technologies to aid in their instruction, the focus of this study is mostly on online math resources, which are
web-based tools designed specifically for math instruction in the wake of the fourth industrial revolution.
While word processors and calculators are examples of educational technology, this study focuses
exclusively on online platforms. According to research, numerous strategies are employed to integrate online
math resources into the classroom, which has a range of impacts on students’ performance. An overview of
some of the most significant research on the impact of technology on student results and the usage of digital
tools by math teachers in the classroom is provided in the sections that follow. Research on how technology
affects students’ performance in secondary mathematics, with an emphasis on the ways in which various
methods affect performance, includes [21]—[25]. The study that relates to the use of technology by teachers
can be found in Chiu [26]. Other studies [27], [28] also found that student-centered, interactive video lessons,
which encouraged collaborative problem-solving, resulted in significantly better mathematics problem-
solving skills compared to teacher-centered instruction. Several studies [29]-[32] revealed that simply
substituting technology for teacher instruction did not guarantee better results.
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This study aims to provide a level of consistent, structured artificial intelligence (Al) integration
across classrooms is a significant data point and shows a broad institutional shift toward Al-enabled
instruction—which is not always documented at this scale in the literature. The novelty in the current study
can be summarized: i) the current study reflects a blended learning innovation, blending passive and active
strategies in a single lesson often not accommodated in literature; ii) provides a real-world implementation of
adaptive teaching practices aided by Al, and not just theoretical; iii) provides a pedagogical shift towards
student-centered classrooms, where Al is not just a content delivery tool but a classroom management
strategy and learning support; and iv) the study showcases Al’s extended instructional role beyond the
classroom, something not widely documented. Lastly, the study quantified the effect of teacher-initiated
activities on student performance, which is not often examined in the literature.

2. THEORETICAL FRAMEWORK

Understanding how teachers use technology in the classroom and how it impacts students’
comprehension is challenging. Several theories of instrumentation [25], [33], [34], and instrumental
orchestration [35] have become more and more important in mathematics education to comprehend how
instructors and learners engage with technology to learn mathematics. According to instrumentation theory,
for students to learn how to interact with a technological tool or artifact, they must go through a process
called “instrumental genesis”, in which they must devise strategies and methods for using the tool to
transform it into an instrument [29], [35].

Instrumental orchestration, the term used to describe the role of the instructor in guiding the usage
of technology by learners, has emerged to support students’ instrumental genesis. Teachers’ designs and
implementation of learning activities centered around these tools are essential [36]. Smale-Jacobse et al. [37]
highlighted two critical elements to consider when using technology in mathematics instruction: ways of
utilization and didactical arrangements. “Didactical configuration” refers to how the teaching environment
and tools are arranged in the classroom, while “exploitation mode” describes how teachers utilize these
setups to meet their educational objectives. These concepts help explain the strategies educators adopt to
facilitate student learning in mathematics.

For instance, Vita et al. [35] presented a model called “technical demo”, where a teacher
demonstrates a tool’s functionality (exploitation mode) by walking students through the steps and projecting
the tool on a screen (didactical configuration). Though this approach is common, other orchestration types
also exist and offer various ways for teachers to incorporate technology in mathematics education. In this
context, instrumental orchestration was used as a framework to interpret how teachers incorporated Algebra
Nation (AN) in mathematics classes. This study explored different configurations, such as individual
remediation or group learning, and how various orchestration types were applied to teach algebraic concepts.
While it is understood that educators use diverse didactical methods and exploitation modes [38], this
research provided an overview without delving deeply into every orchestration’s nuances.

This study focuses on the AN online tutoring platform, designed to help both teachers and students
meet the Nigerian mathematics state standards, particularly those required for passing the Nigeria Algebra I
end-of-course (EOC) exam. The Algebra I EOC is a standardized assessment mandated for every student
enrolled in Algebra I in public schools, measuring their mastery of the Nigeria Algebra I standards. For the
2022-2023 academic year, students were required to complete 20-25 open-ended questions and 30-35
multiple-choice questions within a 60-minute timeframe.

At the time of AN’s introduction, Nigerian teachers had already been implementing the Nigeria
Standards, also known as the Common Core State Standards for Mathematics, for at least 3 years, following
their adoption by the state in 2021. The online resource included practice exams that were modeled after the
Algebra I EOC, video lessons by seasoned algebra tutors, and an interactive, synchronous wall where
students may talk about algebraic ideas with teachers, other students, and online tutors, as presented in
Figures 1 and 2. The movies were also accompanied by a workbook with study tips for both teachers and
pupils. A variety of instrumental orchestration types are shown in Table 1.

The following domains arranged each of these components’ content: i) linear equations, functions,
and inequalities; ii) exponential functions; iii) algebraic expressions; iv) an introduction to functions;
v) single-variable statistics; vi) quadratic functions; vii) a summary of functions; and viii) 2-variable
statistics. The content was developed in accordance with Florida’s algebra state standards. Some design
parallels exist between AN and other popular online resources like ALEKS, Khan Academy, PLATO, and
Cognitive Tutor. These internet sources offered state-standard-aligned video tutorials on mathematics topics
and brief formative assessment questions that allowed students to gauge their progress. Like AN, cognitive
tutor gives students workbooks that are printed and correspond with their online lessons. While all the
resources have modules corresponding with the nine algebraic domains of AN, calculus, geometry,
trigonometry, and introductory mathematics are among the most extensive topics covered by Cognitive
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Tutor, Khan Academy, PLATO, and ALEKS. While AN does not have adaptive technology and is a
self-paced platform, other online resources use adaptive learning environments to provide individualized
education. Despite this, AN has set itself apart for a number of reasons. Teachers and students can use it for
free, is specifically aligned with Nigeria’s national standards and EOC examination and offers on-site
professional development sessions led by experienced educators. The inquiry-based professional
development enables teachers to explore AN’s features, such as video tutorials, practice exams, interactive
student discussion forums, and workbooks. These resources comprehensively cover Algebra I topics, and
teachers are trained in various instructional strategies, such as flipping the classroom by assigning videos for
homework, segmenting videos for classroom use, or incorporating them as co-teaching tools during lessons.
As they watch the videos, the students always complete the workbook as part of these strategies. More than
100,000 students statewide swiftly embraced AN after it was made available to all Abuja schools as a free
resource during the 2022-2023 academic year. Numerous training sessions and professional development
days have been held throughout Abuja to promote educators’ use of this technology. Furthermore, AN
rapidly develops into a resource for instructors and students as well as a cooperative online community of
educators. A professional development program has been set up to allow educators to share teaching
resources, watch videos of Abuja classroom teachers using successful mathematical teaching techniques, and
have conversations about teaching mathematics and getting ready for the Algebra EOC. This initiative
mirrors the interactive wall and video tutorial features available to students.

IS STUDENT AREA

Question 2

W
204 51409

TOPIC 1: USING EXPRESSIONS TO REPRESENT REAL-WORLD
SITUATIONS (PAGE 3)

n""""" Om 3 omE @

Figure 1. Example of a teaching video for AN Figure 2. Example test-yourself worksheet for AN

Table 1. Various types of instrumental orchestration [35]

SN Orchestration type Example
1 Technical demonstration The teacher projects the technology tool onto the screen and walks students through its technical steps.
2 Describe the screen A teacher demonstrates a mathematical concept on a screen using a technological tool.

3 Connect-screen-board The teacher draws connections between math and other on-board representations using a tool to
explain mathematical concepts.

4 Talk about the screen Using a tool projected onto the screen, the teacher guides the discussion of a mathematical concept.

5 Spot-and-show The teacher uses a technological tool to identify the student’s work for the project and starts a
conversation about a mathematical concept.

6  Working as a Sherpa Students share their work with the class using technology while the teacher guides the discussion of
mathematical ideas.

7  Work-and-walk-by Students use their gadgets for individual technological use while the teacher moves around and works

one-on-one with each student.

3. METHOD
The goals of this study are to comprehend how educators are using AN, an online mathematics

resource, to engage students and the connection between AN use in the classroom and algebra performance.

Specifically, the following research inquiries will be tackled:

- What aspects of instruction are AN incorporating?

- Does increased student performances on the EOC for Algebra I correlate with the use of AN in the
classroom?

- Did the schools where teachers engaged in in-person professional development, utilized the AN online
learning platform, and ordered workbooks for students and teachers exhibit different mean student scores
and pass rates on the 2023 Algebra I EOC compared to those that did not incorporate AN?
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3.1. Sample

This study gathered data from four primary sources: the National Center for Education Statistics
(NCES) website, the Nigeria Department of Education website, the AN system, and the “how teachers use
AN” survey. During the 2022-2023 school year, 596 Algebra I teachers in Abuja participated in a
quantitative and qualitative survey to answer research question 1 (RQl), indicating a response rate higher
than the norm for online surveys [22].

For research questions 2 (RQ2) and 3 (RQ3), data from the AN system captured usage across two
academic years, including login and video view counts, responses to questions, and discussion forum
contributions. Because the Algebra I EOC exam is a requirement in Nigerian education, attention was
focused on middle and high school data. Additional EOC results for 2021-2023 and related school-level data
were gathered from the Florida Department of Education and NCES websites.

A quasi-experimental analysis for RQ3 assessed schools’ performance based on Algebra I EOC
mean scores and passing rates. Key factors included AN system login, teacher training, and workbook access.
The average treatment effect (ATE) was calculated by comparing matched treatment and control groups:
Compared to 73 schools without teacher logins, workbooks, or training, 291 schools had teachers actively
using AN. This technique took into consideration group differences and used a quasi-experimental design to
lessen the impact of uncontrollable variables [39].

3.2. Quality measures

The purpose of the survey used to answer RQ1 was to investigate how teachers and students use AN
for various instructional levels. It asked about their use of the workbook, test questions, discussion board, and
AN video, including how, where, and how often they used them. There were 3 open-ended questions and 39
closed ended, yes/no rating scale or yes/no questions in the survey. This survey followed best practices
outlined by Yedilbayev et al. [40] to ensure question clarity. Closed-ended questions used precise frequency
options, such as “in every class” or “1 or 2 times in every five classes,” to avoid ambiguous terms like
“frequently”. Open-ended questions addressed AN strengths, weaknesses, and usage limitations.

The questionnaire was pretested, including expert evaluations, cognitive interviews, and pilot
research, guided by Park er al. [41]. The 14 cognitive interviews, split between think-aloud and
verbal-probing sessions, involved experienced algebra teachers. Additionally, expert feedback from 3
mathematics educators and AN coach led to revisions. In the pilot with 100 teachers, a 42% response rate
helped identify and revise unclear questions.

RQ2 and RQ3 examined Algebra I EOC exam passing rates and average scores for spring 2024.
Standardized passing scores were set by the Nigeria Department of Education. controlled covariates included
previous passing rates, student-teacher ratios, percentages of pupils who qualify for free or reduced-price
meals, as well as markers for title I, charter, or magnet schools. The NCES and the Nigerian Department of
Education provided the data.

3.3. Analysis

The study analyzed the application and impact of AN across various school settings. For RQ1,
frequency counts revealed diverse AN usage among teachers, with instructional videos and individual
assignments being the most common. Open-ended responses were analyzed to understand the types of
instructional methods, confirming that teachers frequently employed a “screen-centered” orchestration to
reinforce algebra concepts.

For RQ?2, the study examined how AN use indicator related to algebra EOC pass rates, incorporating
a regression analysis with variables such as teacher usage, training, and workbook orders. A latent profile
analysis (LPA) grouped schools based on six AN usage indicator-student logins, video views, and workbook
ratios, among others—to identify usage patterns and their impact on pass rates. Results showed that schools
with higher AN engagement tended to have better pass rates on the Algebra I EOC assessment.

In addressing RQ3, a propensity score analysis (PSA) was employed to balance covariate
distributions between schools using AN and control schools. Using a genetic algorithm, schools were
matched based on 10 covariates, achieving acceptable covariate balance per what works clearinghouse
(WWC) standards. After matching, the ATE for Algebra I EOC pass rates was calculated, and additional
regression adjustments were applied where needed to account for covariate imbalances. The Abadie-Imbens
method [42] provided standard errors and bias adjustments, ensuring reliable estimates of AN’s impact on
student outcomes.

4. RESULTS AND DISCUSSION
The survey findings for RQ1 indicated that educators employed all facets of Al in diverse manners
to equip students for the EOC test for Algebra I. The 76% of educators indicated utilizing AN in the
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classroom at least biweekly, while 56% reported presenting instructive films to their students at least weekly.
Educators valued the adaptability offered by AN, enabling them to “play a video and circulate within the
classroom” or “pause it for mathematical discussions.” The films provided explicit and succinct education,
examples, and practice in algebraic topics.

Educators valued the flexibility offered by AN, enabling them to “play a video and circulate around
the classroom” or “pause it for mathematical discussions.” They assumed the films would serve as a good
beginning point for teaching the content in their own terms. Many teachers were sure that viewing the films
would serve as an excellent beginning point for delivering the content in their own terms. Additionally, 60%
of teachers reported providing homework where students worked independently on the AN website during
class. The 79% of teachers asked students to log onto AN using classroom PCs, however other devices such
as tablets, cell phones, and computer laboratories were also employed. Teachers commented that using
the AN platform helped support student-centered, modified classroom learning plans that better suit
a work-and-walk learning approach. They underlined the necessity of pupils being able to work
independently, as it allowed the instructor to “move around the room to check for understanding.” The 34%
of instructors reported setting up learning centers with AN, a version of the work-and-walk-by strategy.
Educators can see students using the AN platform to work alone or in small groups thanks to this system.
Additionally, according to the survey, 56% of teachers assigned AN films as homework to students who were
at danger of falling behind, and 79% of teachers used AN as a remediation tool. Another successful method
was arranging tutoring sessions before or after school utilizing AN as a resource.

The variables explained 66.1% of the variation in the proportion of students who passed the
Algebra I EOC in the 2013-2014 academic year, according to the school-level multiple regression results
from the preliminary analysis of RQ2. Schools with algebra teachers who bought workbooks had a 6.78%
greater passing rate than those without. An overview of the key factors affecting the Algebra I EOC success
rates is given in Table 2.

Table 3 shows the key variables influencing Algebra I EOC passing rates in the spring of 2014.
Prior passing rates had a significant impact, with the 2013 passing rate (f=0.596, p<0.001) being a stronger
predictor than the 2012 passing rate (f=0.128, p=0.002). Workbooks accessibility also positively influenced
passing rates (B=5.884, p=0.027), as did the presence of trained teachers participating in TYP challenges
(B=0.008, p=0.033). Additionally, AN-integrated schools with trained teachers saw a notable increase in
passing rates (f=4.251, p=0.014). However, a larger student population negatively impacted passing rates
(B=-0.010, p=0.024), suggesting that resource allocation might contribute to the success of students.

The analysis proceeded in three steps. First, the optimal number of latent classes was determined
through model fit indices. Then, the distribution of schools across these classes and the classification
probabilities were calculated. Finally, differences in rates of passing the Algebra I EOC exam across the
classes were assessed. Table 4 displays the fit indices used, comparing 2, 3-, and 4-class models. Given the
rejection of the 4-class model by the LMR test and minimal variation in fit indices, the 3-class model was
selected for detailed analysis.

Table 2. A summary of the important factors affecting the Algebra I EOC success rates

Variables Estimate  Student error  Pr(>[t])
(Intercept) 45.255 3.177 0.000
Average-based success rates 2012 0.128 0.044 0.002
Average-based success rates 2013 0.596 0.045 0.001
Mean-centered students count 2014 -0.010 0.006 0.036
Workbook’s accessibility (yes or no) 5.884 3.094 0.027
Trained educators who took part in TYP challenges 0.008 0.005 0.033
Integrated schools with qualified teachers in AN 4.251 1.707 0.014

Note. TYP stands for “test yourself prepared”

Table 3. Fit metrics for models of latent profiles in competition

Model  Log-Likelihood AIC BIC Entropy LMR-A p-value
2 class -26,120.011 53,260.028  54,396.977 0.875 <0.001
3 class -25,588.286 52,527.351  53,580.853 0.863 0.009
4 class -25,526.5986 51,953.395  53,151.417 0.861 0.109

Table 4. Class distributions and numbers for the 3-class structure
Latent classes  Counts _ Proportion

1 654.081 0.460
2 536.005 0.452
3 103.903 0.088

Int J Eval & Res Educ, Vol. 14, No. 6, December 2025: 4443-4455



Int J Eval & Res Educ ISSN: 2252-8822 O 4449

The study grouped schools by AN usage into three categories: low usage (46% of participants),
medium usage (45%), and high usage (9%), as presented in Table 5. In the low-usage group, students and
teachers accessed AN less frequently, averaging 3.7 logins and 3.2 video views for students, while high-
usage groups showed significantly more engagement, with students logging in up to eight times as often.
Analysis of school pass rates showed that Algebra I EOC scores increased with higher AN usage, with
passing rates at 63.3%, 68.9%, and 83.3% for low, medium, and high usage, respectively. The differences
were statistically significant, affirming that greater AN usage aligns with better Algebra I exam results.

Table 5. The outcomes of the model of latent profiles

Latent class Indicator Mean (SE) Variance

1 class Access for learners 3.655 (0.138) 5.595
Perspectives for pupil videos 3.184 (0.178) 9.747
Access for instructors 9.172(0.850) 121.735
Perspectives for instructors’ videos 7.754(1.481) 142.683
Ratio of the workshop’s video views 0.560(0.070) 0.766
Login ratio by workshop 0.731(0.084) 1.242

2 class Access for learners 10.492(0.401) 40.402
Perspectives for pupil videos 13.043(0.648) 117.971
Access for instructors 41.993(2.119) 2,321.228
Perspectives for instructors’ videos 73.415(5.637) 40,374.367
Ratio of the workshop’s video views 9.381(0.262) 153.970
Login ratio by workshop 7.911(7.911) 150.246

3 class Access for learners 24.656(0.58) 117.971
Perspectives for pupil videos
Access for instructors 2,321.228

Perspectives for instructors’ videos 215.482(45.651)  40,374.357

Ratio of the workshop’s video views 47.808(4.174) 153.970

Login ratio by workshop 31.594(3.098) 150.246
Note: all means are statistically significance at p<0.0001

Table 5 shows that schools fall into three usage categories—Ilow, moderate, and high—based on
engagement with AN. Low-usage schools had an average of 3.655 access for learners and 9.172 access for
instructors, while moderate-usage schools saw 10.492 access for learners and 41.993 access for instructors.
High-usage schools demonstrated the greatest engagement, with 24.656 access for learners and a significant
increase in access for instructors (2,321.228) and perspectives for instructors video views (215.482),
indicating deeper integration of the platform into instruction.

Figure 3 shows the percentage passing for students in each latent class. The lowest percentage
passing was in latent class 1 at 63% and the next lowest was in latent class 2 at 69%, while the highest
percentage passing was in latent class 3 at 83%. This shows that more use of AN is associated with higher
student performance.

In addressing RQ3, the findings of school matching using a genetic algorithm revealed that eight out
of ten covariates were covariate equivalent, meeting the 0.05 standard deviation requirement. However,
2 covariates—the percentage of students eligible for free or reduced-price lunches and the average score on
the 2013 Algebra I EOC assessment—did not meet this stringent requirement. According to the WWC
criteria for quasi-experimental studies, these 2 covariates were adjusted in the regression analysis to estimate
the treatment effects of schools that got the AN workbook and had teachers apply the AN system.

The ATE represented the expected difference in outcomes between control schools and AN
treatment school that were matched by the genetic algorithm based on the same propensity score (PS).
For the spring 2014 scale score, the ATE for schools receiving in-person teacher training, workbooks for
students and instructors, and teaching via the AN online platform was predicted to be 2.91 (SE=1.3, p=0.02,
Hedges’ g=0.26). Furthermore, the impact on passing rates for spring 2014 was assessed at 5.46 (SE=2.28,
p=0.02, Hedges’ g=0.28). These findings imply that instructors’ use of AN materials resulted in higher
passing rates and mean scores in participating in schools.

The ATE study on mean scale scores revealed that students in schools where teachers used the AN
system performed 0.26 standard deviations better on the Algebra I EOC exam than students in similar
schools without AN support. Furthermore, the ATE analysis of passing rates revealed that schools with
instructors actively utilizing AN had 5.46% better Algebra I EOC passing rates than comparable schools that
did not use AN, resulting in a standardized difference of 0.28 standard deviations. According to the WWC
guidelines, the results of AN adoption in schools are statistically significant and educationally relevant.
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Figure 3. Mean pass rates for different use levels in schools

This study contributes to the growing body of research on technology integration in math education
by providing empirical evidence for the efficacy of structured, teacher-mediated online programs, such as
AN. Unlike many studies that single out technology as an independent variable in student learning, this
research highlights the critical synergy between digital platforms, pedagogical methods, and teacher
professionalization. The findings demonstrate that technology is not a cause of performance improvement in
and of itself; rather, it is the strategic coordination of technology, as managed by teachers, that results in
substantial learning improvements.

One of the most intriguing conclusions in this study is the subtle way that teachers utilized AN—not
as a replacement for teaching but as a pedagogical aid that takes advantage of engagement, conceptual
understanding, and individualized learning. This is supported by the NCTM framework, which views
technology as a necessary yet strong auxiliary to the learning process. Educators were pedagogically flexible,
favoring both student-centered (e.g., guided walk-throughs) and teacher-centered (e.g., explain-and-discuss
exercises) approaches in AN integration. These dual approaches highlight the need for adaptive pedagogy to
meet diverse learning styles and skill levels.

The research results persist in demonstrating the worth of structured technology use in mathematics
education. That AN engagement and Algebra I EOC scores are positively correlated means that regular,
guided interaction with the platform—rather than incidental or unstructured usage—is the path to
maximizing learning outcomes. Schools that developed regular engagement with AN through student logins,
video participation, and professional teacher training reported pass rates considerably higher. This
corroborates the contention that well-supported, sustainable technology integration leads to improved
performance, echoing evidence in digital learning [12], [29], [43]-[48].

One of the greatest contributions of this study is arguably its reaffirmation of the irreplaceable value
that teachers bring to digital learning environments. The results confirm that technology alone is insufficient
to spur student achievement—it must be situated within the framework of organized, research-driven
pedagogical practice. Schools with high teacher engagement in AN reported better student outcome,
emphasizing the importance of teacher agency in learning. This is corroborated by the instrumental
orchestration theory, which purports that technology is most effective when purposively designed and led by
educators [49]-[52]. Moving beyond passive learner interaction with digital technology, this study suggests
that mathematics educators need to be digital learning architects, designing purposeful and dynamic learning
experiences rather than merely offering access to technology.

Furthermore, the study extends existing technology acceptance model (TAM) research by
demonstrating that teacher beliefs, digital self-efficacy, and professional development affect not only
teachers’ adoption of technology but also student learning outcomes and engagement. This finding supports
Salami and Spangenberg [53], who proposed that perceived usefulness and simplicity of use impact
technology adoption. More recent studies [54], [55] have reinforced that teachers’ self-efficacy and attitudes
toward technology significantly impact their willingness to integrate digital tools into classroom instruction.

This brings new opportunities to investigate the impact of teachers’ attitudes, confidence, and
professional development experiences on the efficacy of digital technology in mathematics instruction.
Understanding these aspects can help to design more targeted professional development activities, resulting
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in more successful technology-enhanced pedagogy. In terms of equity, this study also recognizes digital
access disparities as a predictor of learning outcomes. Although technology can potentially equalize
education disparities, variation in AN use between schools indicates that digital equity challenges persist.
Concerns of device availability, internet accessibility, and the support provided by institutions have a major
impact on how effectively students react to online learning platforms. Addressing such disparities through
targeted interventions—such as subsidized access to technology, digital literacy training, and professional
teacher development could ensure that all students have the opportunity to benefit from digital learning
innovations regardless of socioeconomic status.

Overall, this study not only confirms the promise of blended learning approaches to mathematics
education but also yields new insights into the circumstances under which digital tools can be made to add up
to measurable academic gains. Ongoing research needs to continue investigating optimum digital learning
methods, teacher training models, and the long-term impact of planned technology integration on student
achievement. By ongoing refinement of the pedagogical models for online learning, we can achieve the full
potential of technology to facilitate equitable and effective math instruction.

While the promising findings, this study has some limitations that need to be addressed through
subsequent research. First, while the study assessed AN’s impact at school level, the study did not investigate
individual learners’ performance in depth. It would be helpful to have more precise analysis through
student-level data to make an even stronger relationship between the utilization of AN and individual
learning processes. Additionally, while socioeconomic factors were considered, the extent to which economic
disparities impact technology uptake remains open to question. More refined analysis with variables like
household income, high-speed internet access, and parental support would be more comprehensive regarding
digital equity issues.

Another main limitation is that there is no in-depth discussion of how different teaching styles
influence student performance in using AN. While this study acknowledges the worth of student-initiated and
teacher-initiated approaches, future research must examine what instructional methods work best with
different groups of students. For instance, longitudinal examinations of the effects of daily, weekly, and
last-minute AN participation may reveal optimal patterns of use. In turn, comparing student achievement in
varying instruction formats—flipped classrooms versus traditional lecture-based instruction—would help
further clarify best practices for integrating digital tools into math instruction.

Furthermore, the study emphasizes the importance of teacher professional development for effective
AN implementation. Additional research, however, is necessary to learn about the impact of various training
models on teachers’ sustained use of technology in the long term. Experimental studies comparing different
professional development methods—workshops, peer mentoring, and continuous coaching—would clarify
the methods that produce the most potent improvements in incorporating digital tools. Additionally,
qualitative classroom observation and teacher interview studies would offer an in-depth examination of how
instructors manage technological implementation and modify instruction with experience.

Policy-wise, this study emphasizes the need for strategic interventions to mitigate the digital divide.
As inequality in AN use was observed among schools, policymakers must invest in infrastructure,
particularly in underprivileged areas. Device and high-speed internet access must be increased, but so must
teacher preparation to incorporate these resources optimally. Subsequent research needs to examine how
government and district-level initiatives can respond to digital disparities and improve learning outcomes.

At a theoretical level, the study corroborates instrumental orchestration theory by demonstrating that
the effectiveness of technology depends on how it is incorporated into learning activities. The findings
demonstrate that systematic and directed use of computer tools, and not passive student participation, yield
the best results. This bears constructivist learning theories implications in that it illustrates that technology
should be employed as a tool for active learning rather than content transfer.

In summary, although this research verifies the advantageous effect of AN on students’ performance
in Algebra I, more practical implications can be uncovered through deeper exploration of its findings.
Subsequent research must aim at refining digital integration approaches, investigating most effective teaching
models, and confronting structural inequalities that affect technology adoption in schools. In light of this,
teachers and policymakers can optimize the potential of web-based learning platforms to improve
mathematics education and overall student outcomes.

5. IMPLICATIONS OF FINDING AND FUTURE DIRECTION

The findings of this study provide some crucial insights for mathematics instruction, especially in
relation to the integration of technology-based learning tools. One notable implication is the need for
strategic technology integration. The results reinforce that tools such as AN should serve as complementary
aids rather than as replacements for traditional instruction. Effective integration of such tools requires
a structured and intentional approach, ensuring that technology is aligned with clear pedagogical goals.
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Schools must therefore be deliberate in embedding these tools within well-thought-out instructional
frameworks to maximize their impact.

Another major implication is the essential role of professional development. The study underscores
that teacher training is critical for the optimal utilization of online resources for education. Without
continuous support and skill development, even the most advanced tools may fall short of their potential.
Schools and educational leaders must prioritize ongoing professional development initiatives that equip
teachers with the competencies needed to navigate diverse digital environments and adopt best practices in
blended and online learning.

Additionally, the report emphasizes the importance of equity in access to technology, which remains
a substantial obstacle. Students from economically disadvantaged backgrounds often face limited access to
digital devices and reliable internet connectivity. This digital divide can hinder the benefits of tools like AN,
leading to disparities in educational outcomes. Policymakers, school administrators, and community leaders
must work collaboratively to close these gaps, ensuring that both students and teachers have equal access to
the necessary technological infrastructure and support services.

Furthermore, the study demonstrates the power of technology to increase student engagement and
enable tailored learning. Online tools allow learners to progress at their own speed, revisit ideas as needed,
and receive personalized guidance. This capability can improve learning experiences, particularly when
adaptive technologies are employed to match the unique needs of individual students. Future
implementations of digital resources should, therefore, prioritize personalization features that accommodate
diverse learning styles and paces.

Looking ahead, this study’s findings suggest a number of potential research options. One area in
need of further exploration is the long-term impact of consistent use of AN and similar tools. While
short-term improvements may be evident, it is critical to assess whether sustained engagement leads to
enduring knowledge retention and better preparation for advanced mathematical study.

Another important research direction is the need for student-level analysis. The present study relied
on school-level data, which may obscure individual differences and learning trajectories. Future studies
should focus on tracking the performance of individual students to better understand how various subgroups
respond to digital interventions and which factors contribute to their success.

Additionally, there is value in comparing different digital learning models. Investigating the relative
effectiveness of teacher-centered versus student-centered approaches in digital contexts can yield insights
into which pedagogies are most conducive to learning in technology-rich environments. Such comparisons
will inform the design of more effective instructional strategies using platforms like AN.

Lastly, future research should explore the role of teacher networks and professional learning
communities in enhancing the implementation of digital tools. The effectiveness of collaborative structures
such as peer mentoring, teacher support groups, and professional development networks warrants close
examination. These support systems may play a crucial role in helping educators adapt to technological
innovations and share best practices across different teaching contexts. Addressing these future directions can
support the development of more effective, inclusive, and equitable mathematics education programs.
By building on the current findings, stakeholders, including teachers, policymakers, and researchers can work
toward maximizing the benefits of digital learning tools for all learners.

6. CONCLUSION

This study provides empirical data that supports increased usage of AN is directly related to
improved student performance on Algebra I EOC exams. Those schools with teachers who made a concerted
effort to incorporate AN, particularly through workbook use and professional development, yielded
significantly higher passing rates. The results highlight the importance of systematic technology integration,
with teacher involvement being critical to maximum potential of the platform.

The findings are consistent with the instrumental orchestration theory, with an emphasis on
technology supplementing, rather than replacing, conventional instruction. Though the study corroborates the
benefits of AN, additional efforts must be conducted to determine its long-term impact, patterns of student
engagement at the individual level, and digital equity as it pertains to access to online instructional resources.
Promoting equal access to digital resources for all learners is still imperative to improving mathematics
education outcomes.
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