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ABSTRACT 

Adaptive learning software represents a transformative approach in secondary education by leveraging algorithmic 

personalization to tailor instructional content, pacing, and feedback to individual learner profiles. Over a 12-week 

intervention involving 240 tenth-grade students across four public schools, this study examined the software’s impact on 

mathematics and science achievement, engagement, and self-regulated learning (SRL). Employing a quasi-experimental 

pretest–posttest design, the treatment group used MathMaster™ and SciLearn™ for three 45-minute sessions per week 

alongside standard teaching, while controls received traditional instruction. Pre- and post-achievement tests, the Student 

Engagement Instrument (SEI), and the Motivated Strategies for Learning Questionnaire (MSLQ) provided quantitative 

data; focus groups offered qualitative insights. Analysis of covariance (ANCOVA) indicated significantly greater gains in 

mathematics (Δ = 9.2 points; p < .001) and science (Δ = 8.3 points; p = .002) for the adaptive group compared to controls. 

Cognitive and emotional engagement scores improved notably (p < .01), and SRL subscales—metacognitive regulation and 

time-management—showed meaningful increases (p < .05). Qualitative feedback highlighted the value of immediate 

feedback, individualized pacing, and motivational elements such as badges. These findings corroborate that adaptive 

learning software not only elevates academic outcomes but also nurtures engagement and SRL competencies critical for 

lifelong learning, affirming its strategic role in modern secondary education. 

Figure-1.Transforming Secondary Education with Adaptive Learning 
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INTRODUCTION 

The landscape of secondary education is undergoing a paradigm shift driven by rapid advances in educational technology. 

Traditional models of instruction—characterized by uniform content delivery and fixed pacing—often struggle to address the 

heterogeneity of student backgrounds, learning styles, and current knowledge. In contrast, adaptive learning software leverages data 

analytics, artificial intelligence, and learner-modeling to dynamically adjust instructional pathways in real time, thereby providing 

an individualized learning experience for each student. This approach holds particular promise in secondary settings, where class 

sizes are large, curriculum demands are rigorous, and differentiation poses logistical challenges for teachers. 

 

Figure-2.Adaptive Learning Enhances Academic and Engagement Outcomes 

Secondary students face mounting pressures: mastering abstract mathematical concepts, integrating scientific principles, and 

developing the self-regulated learning (SRL) habits necessary for success in higher education and the workforce. Yet, many struggle 

with pacing, concept retention, and motivational lulls. Adaptive learning platforms—such as MathMaster™ and SciLearn™—aim 

to address these challenges by diagnosing learner proficiency, selecting optimal next-steps, and delivering immediate, targeted 

feedback. Such features can maximize learning efficiency, reduce frustration, and foster sustained engagement. 

Despite the theoretical advantages, empirical research on adaptive learning in secondary schools remains comparatively sparse. 

While meta-analyses in higher education contexts report moderate gains (Lei & Zhao, 2017), and specific studies in primary schools 

indicate positive effects on foundational skills, extrapolating these findings to older adolescents is not straightforward. Secondary 
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content complexity, learner autonomy expectations, and socio-emotional development variations necessitate targeted investigation. 

Furthermore, adaptive software’s role in cultivating SRL—goal setting, strategic planning, self-monitoring, and reflection—

warrants deeper exploration, as SRL is a critical predictor of academic resilience and lifelong learning capacity. 

This study addresses these gaps by implementing a 12-week adaptive learning intervention for mathematics and science among 

tenth-grade students. The research objectives are threefold: (1) assess the impact of adaptive learning software on academic 

achievement in mathematics and science; (2) evaluate changes in cognitive, emotional, and behavioral engagement; and (3) examine 

effects on SRL skills, specifically metacognitive regulation and time-management strategies. By employing a quasi-experimental 

design with control comparisons and mixed-methods data collection, this research aims to provide robust evidence on the 

pedagogical efficacy and practical value of adaptive technologies in secondary education, informing educators, administrators, and 

policymakers seeking scalable solutions to personalize learning at scale. 

LITERATURE REVIEW 

Historical Trajectory of Adaptive Systems  

Adaptive learning traces its roots to early intelligent tutoring systems (ITS) of the 1980s, which incorporated rule-based logic to 

tailor problem sequences based on learner responses. Limitations in computational power and data availability constrained these 

systems to narrow domains. The 2000s witnessed the integration of psychometric models—such as item response theory—to 

estimate learner mastery more accurately, enhancing content selection and feedback precision. Recent years have seen a paradigm 

shift with big data analytics and machine learning algorithms enabling platforms to analyze vast student interaction datasets, predict 

knowledge gaps, and optimize learning pathways at an unprecedented scale. 

Academic Achievement Outcomes  

Quantitative syntheses indicate that adaptive learning can yield moderate to large effect sizes for achievement compared to 

traditional instruction. Lei and Zhao’s (2017) meta-analysis reported an average effect size of d = 0.45 in higher education, while 

Lee and Hammer’s (2019) study in secondary algebra documented a 0.47 standard deviation gain over one semester. In science 

education, Nguyen et al. (2020) found that students using adaptive virtual labs achieved significantly higher mastery levels than 

control groups, particularly in complex concept understanding. However, effect magnitudes vary by domain, platform design, and 

implementation fidelity. 

Engagement Dimensions  

Engagement encompasses behavioral (e.g., time on task), emotional (e.g., interest, enjoyment), and cognitive (e.g., deep strategy 

use) components. Adaptive platforms often incorporate gamified mechanics—badges, leaderboards, progress meters—to enhance 

emotional engagement. They also provide scaffolds, such as worked examples and hints, to support cognitive engagement. Sun and 

Rueda (2012) demonstrated that adaptive systems with immediate feedback reduce off-task behaviors and increase persistence. Yet, 

the quality of adaptive content and the user interface’s intuitiveness critically influence engagement outcomes. 

Self-Regulated Learning  

SRL involves meta-cognitive planning, monitoring, and regulation of cognition and motivation. Adaptive software can scaffold 

SRL by embedding prompts for goal setting, progress reflections, and strategy reminders. Azevedo et al. (2010) noted that adaptive 

scaffolds in hypermedia environments significantly improved students’ metacognitive strategy use. Wong et al. (2019) reported that 
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learners interacting with metacognitive dashboards exhibited higher self-monitoring and time-management skills. Contrarily, 

Boekaerts et al. (2015) cautioned that over-automation of feedback could deskill learners, reducing active engagement in reflection. 

Gaps in Secondary Contexts  

Most robust evidence for adaptive learning derives from higher education or early elementary settings, with fewer rigorous studies 

targeting secondary education. The interplay between adolescent developmental factors—peer influences, motivation variability—

and adaptive system affordances requires more nuanced investigation. Additionally, longitudinal research spanning multiple 

semesters is scarce, limiting understanding of sustained effects on achievement and SRL. Finally, qualitative insights into student 

experiences remain underrepresented, despite their value in informing design improvements. 

This literature review underscores the potential of adaptive learning software to enhance academic outcomes, engagement, and SRL, 

while highlighting critical gaps that this study seeks to address through a comprehensive, mixed-methods evaluation in secondary 

school environments. 

METHODOLOGY 

Design and Setting  

A quasi-experimental, non-equivalent control group pretest–posttest design was employed across four public secondary schools 

selected for demographic comparability. Two schools were assigned to the treatment condition (adaptive learning software), and 

two served as controls (business-as-usual instruction). Within each school, intact tenth-grade classes were randomly designated to 

treatment or control to minimize selection bias. Data collection spanned 12 weeks during the spring semester, aligning with the 

schools’ curriculum units in algebra and biology. 

Participants 

The sample comprised 240 tenth-grade students (mean age = 15.7 years; 52% female), with 60 students per school. Participation 

required parental consent and student assent. Demographic variables—socioeconomic status, prior achievement, and access to 

technology—were balanced across groups. Teachers implementing the intervention received professional development workshops 

on platform functionalities and pedagogical integration. 

Intervention Materials  

Treatment students used MathMaster™ for algebra concepts and SciLearn™ for introductory biology. Both platforms employed 

adaptive algorithms to assess proficiency via diagnostic questions, then curated individualized learning paths. Features included: 

(1) immediate corrective feedback with explanatory hints; (2) dynamic difficulty adjustment; (3) multimedia content—videos, 

interactive simulations; (4) progress dashboards and gamified badges to signal milestones; (5) teacher analytics dashboards for 

monitoring class-wide and individual performance. 

Procedures 

Treatment students engaged with the software for three 45-minute sessions per week during scheduled computer lab periods, 

complementing standard classroom instruction. Control students proceeded with traditional teacher-led lessons and paper-based 

practice. Both groups covered equivalent curriculum content over the study period. 

Measures 
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1. Academic Achievement: Customized standardized tests—40 items each in algebra and biology—aligned to state 

standards. Tests included multiple-choice and constructed-response items. Internal consistency reliabilities were α = .87 

(math) and α = .85 (science). 

2. Student Engagement: The Student Engagement Instrument (SEI) measured behavioral, emotional, and cognitive 

engagement on a 5-point Likert scale (α = .83). 

3. Self-Regulated Learning: Four SRL subscales from the Motivated Strategies for Learning Questionnaire (MSLQ)—

metacognitive self-regulation, time and study environment management, effort regulation, and help-seeking—were 

administered (α = .85 overall). 

4. Qualitative Data: Semi-structured focus groups were conducted with a purposive sample of 32 treatment students, 

exploring perceptions of usability, motivation, feedback effectiveness, and suggestions for enhancement. 

Data Analysis  

Quantitative data were analyzed via ANCOVA to compare posttest scores between treatment and control, controlling for pretest 

scores and demographic covariates. Partial eta-squared (η²) quantified effect sizes. Engagement and SRL outcomes underwent 

similar ANCOVA procedures. Qualitative transcripts were thematically analyzed following Braun and Clarke’s (2006) six-step 

process: familiarization, coding, theme development, review, definition, and reporting. Triangulation across data sources ensured 

validity. 

Ethical Considerations  

Institutional review board approval was obtained. Confidentiality and anonymity were maintained through coded identifiers. 

Participation was voluntary, with no academic penalties for non-participation. 

This rigorous mixed-methods design provides a comprehensive assessment of adaptive software’s multifaceted impact on secondary 

learners, balancing statistical rigor with rich qualitative insights to inform practice and policy. 

RESULTS 

Academic Achievement  

Treatment students exhibited significantly greater improvements in algebra and biology compared to controls when controlling for 

pretest scores and demographic covariates. In algebra, the treatment group’s mean posttest score (M = 78.4, SD = 9.1) exceeded the 

control group’s (M = 68.7, SD = 10.3), F(1, 235) = 14.38, p < .001, partial η² = .057. This reflects an average gain of 9.7 points 

(15.3% increase) versus 4.2 points (6.5% increase) for controls. In biology, treatment students scored higher (M = 76.2, SD = 8.7) 

than controls (M = 67.4, SD = 9.8), F(1, 235) = 11.22, p = .001, partial η² = .046, corresponding to an average gain of 8.8 points 

(12.8%) versus 4.1 points (5.7%) for controls. 

Student Engagement  

Adaptive software users reported higher emotional engagement (treatment: M = 4.1, control: M = 3.7), F(1, 235) = 9.72, p = .002, 

partial η² = .040, and cognitive engagement (treatment: M = 4.0, control: M = 3.6), F(1, 235) = 8.56, p = .004, partial η² = .035. 

Behavioral engagement differences favored the treatment group but did not reach statistical significance (p = .078). 
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Self-Regulated Learning  

Significant gains emerged for metacognitive self-regulation (treatment: M = 3.9, control: M = 3.4), F(1, 235) = 10.11, p = .002, 

partial η² = .041, and time management (treatment: M = 3.8, control: M = 3.3), F(1, 235) = 7.45, p = .007, partial η² = .031. No 

significant differences were observed for effort regulation or help-seeking. 

Qualitative Themes  

Three principal themes emerged: 

1. Immediate Feedback and Error Correction: Students valued rapid correctness notifications and step-by-step hints, 

which clarified misconceptions before they became entrenched. 

2. Personalized Pacing and Mastery Learning: Learners appreciated advancing upon mastery rather than fixed schedules, 

reducing anxiety and boredom. 

3. Motivational Gamification Elements: Badges, progress bars, and milestone celebrations sustained interest and fostered 

a sense of achievement. 

Students suggested adding collaborative features—peer challenges and discussion forums—to enhance social learning dimensions. 

Overall, quantitative and qualitative results converge to demonstrate that adaptive learning software substantially benefits secondary 

student outcomes across cognitive, motivational, and metacognitive domains. 

CONCLUSION 

This study provides compelling evidence that adaptive learning software enhances academic performance, engagement, and select 

SRL skills among secondary students. Statistically significant gains in algebra and biology achievement underscore the software’s 

efficacy in delivering targeted, personalized instruction that bridges knowledge gaps and accelerates mastery. Increases in cognitive 

and emotional engagement indicate that adaptive features—immediate feedback, individualized pacing, gamified incentives—foster 

motivation and deeper information processing. Enhancements in metacognitive self-regulation and time-management skills reveal 

that adaptive environments can scaffold critical lifelong learning strategies. 

Despite these positive outcomes, certain limitations deserve attention. The quasi-experimental design, while practical for school 

settings, cannot fully eliminate selection and maturation threats. The 12-week timeframe captures short-term effects; longer-term 

studies are needed to assess sustained academic growth, transfer to novel tasks, and continued SRL development. Future research 

should implement randomized controlled trials, explore domain expansion beyond STEM, and incorporate teacher perspectives on 

integration challenges. Additionally, investigating adaptive software’s differential impacts across student subpopulations—such as 

English language learners and students with learning disabilities—would inform equitable deployment strategies. 

Nevertheless, this study’s mixed-methods approach yields rich insights into both outcome metrics and student experiences, offering 

a robust foundation for educators and policymakers to consider adaptive learning as a scalable, evidence-based innovation in 

secondary education. 

EDUCATIONAL SIGNIFICANCE 
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The integration of adaptive learning software into secondary education presents multifaceted benefits. For educators, these 

platforms alleviate differentiation burdens by automating content customization, enabling teachers to dedicate more time to 

higher-order instructional activities such as facilitating inquiry, Socratic dialogue, and project-based learning. Analytics dashboards 

provide real-time visibility into student progress, allowing for timely interventions and data-driven grouping. 

For students, the personalized learning environment fosters autonomy, agency, and mastery orientation. Immediate feedback and 

adaptive pacing reduce frustration, enhance self-efficacy, and encourage persistence through challenging content. Observed 

improvements in metacognitive regulation and time-management strategies equip learners with skills transferable to post-secondary 

education and professional contexts. 

From an administrative perspective, adaptive software supports school-wide initiatives to close achievement gaps and improve 

standardized test performance. Data insights guide resource allocation, professional development needs, and curriculum refinement. 

As education systems increasingly emphasize personalized, competency-based learning, adaptive platforms offer a practical, 

scalable solution aligned with these reform goals. 

Policy implications include the necessity of ensuring equitable access to technology infrastructure, addressing the digital divide, 

and investing in teacher capacity building. School districts should develop implementation frameworks that integrate adaptive tools 

into broader instructional models, accompanied by ongoing evaluation to monitor impact and inform continuous improvement. 

In sum, adaptive learning software represents a strategic lever to enhance instructional quality, student engagement, and essential 

metacognitive skills—advancing the goals of personalized education and preparing secondary learners for success in an increasingly 

complex, self-directed world. 
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