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I. Introduction 
In the era of the rapidly growing digital revolution, 

higher education faces the challenge of aligning its 
learning systems with the demands of the 21st century 
(Anshari et al., 2025; Hu et al., 2025; Misra & Srivastava, 
2024; Pérez-Rivero et al., 2023). Digital transformation is 
no longer limited to technological adoption but requires a 
fundamental reorientation of pedagogical paradigms 
toward flexibility, personalization, and responsiveness. 
Universities are expected to prepare graduates who are not 
only knowledgeable but also capable of navigating 
complex digital environments (Muhajir & Rosadi, 2024; 
Pare & Sihotang, 2023; Peng et al., 2022; Zhu et al., 2024). 
This shift necessitates learning designs that integrate 
technology meaningfully rather than superficially. 
Consequently, instructional innovation has become a 
strategic priority in higher education reform agendas 
worldwide. Failure to adapt pedagogical models risks 
widening the gap between academic learning and real-
world digital competencies (Khlaif et al., 2024; Sulianta & 
Saudi, 2021). 

 
Digital literacy has emerged as a core competency 

underpinning effective participation in academic and 
professional contexts. It encompasses the ability to 
critically evaluate information, use digital tools 
strategically, and engage responsibly in digital 
environments. In higher education, digital literacy is 
increasingly viewed as an outcome rather than merely a 
prerequisite for learning. Students with insufficient digital 
literacy often struggle to benefit fully from technology-
enhanced instruction. Thus, learning systems must be 
intentionally designed to cultivate digital literacy 
alongside disciplinary knowledge. This requirement 
places additional demands on instructional design, 
particularly in cognitively demanding disciplines. 

In mathematics education, digital transformation poses 
even greater challenges due to the subject's abstract nature 
and its high cognitive demands. Calculus is considered one 
of the most difficult courses, as it requires logical 
reasoning, strong conceptual understanding, and problem-
solving skills (Engelbrecht & Borba, 2024; Vorotnykova 
et al., 2023; Weigand et al., 2024). Many students still 
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struggle with fundamental concepts such as differentiation 
and integration, and these difficulties are compounded by 
unequal levels of digital literacy (Gusteti, 2024). This 
situation highlights the urgent need for innovative 
approaches that not only make abstract concepts more 
accessible but also foster digital competencies essential for 
academic and professional success (Gökoglu & Erdogdu, 
2024; Ritter & Standl, 2025; Whitworth, 2020). 

Previous studies on adaptive learning in calculus have 
reported improvements in learning outcomes and student 
engagement. However, these studies generally emphasize 
isolated adaptive mechanisms, such as automated 
feedback or personalized learning paths, without 
integrating interactive tutoring, multimodal digital 
resources, and explicit digital literacy support within a 
unified web-based learning environment. In addition, 
many adaptive learning systems lack the flexibility to 
simultaneously accommodate diverse learning styles and 
learning paces, particularly in supporting sustained 
interaction and self-regulated learning in calculus. 
Consequently, there remains a clear research gap in the 
development and empirical evaluation of adaptive web-
based learning models that holistically address both 
conceptual mastery in calculus and the enhancement of 
students’ digital literacy. 

To address this research gap, Adaptive Web-Based 
Interactive Tutoring (AWBIT) was developed as an 
innovative solution. Adaptive Web-Based Interactive 
Tutoring (AWBIT) was developed to address these 
challenges. AWBIT is designed to provide adaptive, 
personalized, and interactive digital learning experiences 
tailored to students’ learning styles, paces, and individual 
needs (Harizah et al., 2020; Patil et al., 2024; Razilu, 2025; 
Wang, 2025; Zhang et al., 2023). Beyond serving as a 
digital platform, AWBIT integrates instructional videos, 
interactive quizzes, digital modules, and online 
assignments. Through this integration, AWBIT aims to 
create a dynamic and flexible learning ecosystem that 
strengthens students’ conceptual understanding while 
supporting 21st-century competencies, including critical 
thinking, creativity, collaboration, and communication 
(Aziz et al., 2024; Yanev, 2021). 

At the institutional level, the adoption of adaptive 
digital learning is also aligned with the State University of 
Medan’s 2020–2024 Strategic Plan, which emphasizes 
integrating technology into teaching and learning and 
implementing an Outcome-Based Education (OBE) 
curriculum. Such initiatives aim to reinforce four 
literacies, data, technology, human, and language, that are 
indispensable in the digital era (Huda et al., 2023). 

Therefore, this study aims to examine the effectiveness 
of Adaptive Web-Based Interactive Tutoring (AWBIT) in 
enhancing students’ learning outcomes and digital literacy 
in Calculus courses at the State University of Medan. 

Based on these considerations, this study aims to 
examine the effectiveness of Adaptive Web-Based 
Interactive Tutoring (AWBIT) in improving students’ 
learning outcomes and digital literacy in calculus courses. 
The study empirically evaluates whether AWBIT 
outperforms conventional instruction in supporting 
conceptual mastery. It also investigates students’ 
responses and learning gains within an adaptive digital 
environment. By addressing both cognitive and digital 
dimensions, this research seeks to contribute empirical 
evidence to advancing adaptive learning in higher 
education. The findings are expected to inform future 
instructional design and digital learning policy. 

II. Method 

A. Research Design 
 This study used a quasi-experimental method with a 

non-equivalent control group design (England, 2022; Peña 
et al., 2021). This design was chosen because the study 
subjects could not be randomly assigned, but it still 
provided a measurable comparison between the 
experimental and control groups (Chahine & Aban, 2024; 
Voleti, 2024). The study examined the effectiveness of 
Adaptive Web-Based Interactive Tutoring (AWBIT) in 
improving students' digital literacy and learning outcomes 
in Integral Calculus courses. 

The research design involved two groups that received 
different treatments. The experimental group used 
AWBIT in learning, while the control group continued to 
use conventional methods such as lectures and 
discussions. Both groups were given a pretest to measure 
their initial abilities and a posttest to assess the 
improvement in learning outcomes after the treatment. 
The independent variable of the study is the use of 
AWBIT, while the dependent variables are students' 
calculus learning outcomes and digital literacy. Control 
variables include course material, number of meetings, 
and the same instructor for both groups. 

Table 1.  Non-equivalent Control Group Research Design 

Group Pretest Treatment Posttest 
Experimental O₁ Learning with AWBIT O₂ 

Control O₃ Conventional learning O₄ 
 

B. Research Setting and Participants 
The study was conducted during the even semester of 

the 2022/2023 academic year (March–August 2023) at the 
Mathematics Education Program, FMIPA, University of 
Medan. The research population consisted of all second-
semester students taking the Integral Calculus course. 
Purposive sampling was used to determine the sample, 
considering the equivalence of initial characteristics 
between classes. The sample consisted of two classes, each 
with approximately 30 students. In addition to sample size, 
the participants shared relatively homogeneous 
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characteristics, including similar academic backgrounds, 
an age range of 18–20 years, and prior exposure to basic 
calculus concepts. All participants were enrolled in the 
same study program and had comparable access to digital 
devices and internet connectivity, ensuring that differences 
in learning outcomes could be attributed primarily to the 
instructional intervention rather than external factors. This 
number met the minimum statistical power requirement 
for a two-group t-test (Hjoujj, 2023). 

C. Variables of the Study  
The research instruments consisted of three types: (1) 

a digital literacy and learning outcomes test in the form of 
multiple-choice and essay questions, validated by subject 
matter experts and tested for reliability using Cronbach’s 
Alpha (≥ 0.70); (2) a student response questionnaire on a 
1–5 Likert scale covering ease, attractiveness, 
interactivity, and motivation; and (3) observations and 
field notes to document the learning process, conducted 
non-participatively to minimize bias (Abumosa, 2024; 
Ariawan et al., 2025; Suryono, 2021). Data were collected 
through pre- and post-tests, questionnaires, and 
observations, with instrument validity assessed through 
expert review and reliability tested empirically (Ahmed & 
Ishtiaq, 2021). 

Data analysis was conducted descriptively and 
inferentially. Normality was assessed using the 
Kolmogorov-Smirnov test, and homogeneity using the 
Bartlett test.  (El Morr et al., 2022; Terán-García & Pérez-
Fernández, 2024; Wu & Zhao, 2024). The selection of 
statistical tests was determined by the quasi-experimental 
design and the characteristics of the collected data. An 
independent samples t-test was selected because the study 
compared means between two independent groups, 
assuming normality and homogeneity. Prerequisite tests 
were therefore conducted to confirm the appropriateness 
of parametric analysis. The use of normalized gain (N-
gain) was intended to measure relative learning 
improvement, while effect size (Cohen’s d) was applied to 
determine the practical significance of the AWBIT 
intervention. Differences in learning outcomes and digital 
literacy between the experimental and control groups were 
analyzed using an independent samples t-test at a 
significance level of 5% (α = 0.05).  

D. Data Analysis Techniques 
The implementation of AWBIT was conducted 

systematically over eight instructional meetings. The 
procedure consisted of four main stages: (1) orientation, 
during which students were introduced to the AWBIT 
platform and its features; (2) guided learning, where 
students engaged with instructional videos, interactive 
modules, and adaptive quizzes based on their learning 
progress; (3) independent practice, in which students 
completed online assignments and received immediate 
feedback through the system; and (4) evaluation and 
reflection, involving posttest administration and student 
feedback collection. This structured implementation 

ensured consistent exposure to AWBIT features 
throughout the intervention period. 

The level of improvement was calculated using 
normalized gain (g), while the magnitude of the effect was 
determined through effect size (Cohen’s d) with criteria in 
the following table: 

Table 2.  Criteria for Normalized Gain and Effect Size  

Analysis High 
Criteria 

Moderate 
Criteria 

Low 
Criteria 

N-Gain (g) g ≥ 0.70 0.30≤ g < 0.70 g < 0.30 
Effect Size 

(d) 
d ≥ 0.80 0.50≤ d < 0.80 0.20≤d<0.50 

 
To enhance methodological transparency and 

systematic analysis, the overall research procedure is 
summarized. 

III. Results and Discussion 
This research aimed to develop and test the 

effectiveness of Adaptive Web-Based Interactive Tutoring 
(AWBIT) in improving students' learning outcomes and 
digital literacy through a quasi-experimental design with 
an experimental and control group. The results are 
presented in four parts: expert validation, student 
responses, statistical analysis (normality, homogeneity, 
and hypothesis testing), and a comparison of learning 
outcomes. 

A. Expert Validation Results 
Validation by subject-matter and media experts 

demonstrates that AWBIT is highly suitable for use in the 
learning process. Subject matter experts gave an average 
score of 3.38, while media experts gave a score of 3.43. 
These results show that AWBIT meets pedagogical and 
technical quality standards, ensuring the validity of its 
content and user-friendly interface design (Mansour et al., 
2024). The image shows the results of the expert 
validation. 

 

Fig. 1. AWBIT Product Validation Results 
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The expert validation results indicate that Adaptive 
Web-Based Interactive Tutoring (AWBIT) is highly valid 
and suitable for implementation in calculus instruction. 
Subject-matter experts assigned an average score of 3.38, 
indicating strong alignment among the instructional 
content, learning objectives, and the conceptual accuracy 
of the integral calculus materials. This score suggests that 
the content structure and learning activities are 
pedagogically sound, although minor refinements may 
further strengthen conceptual clarity and promote higher-
order thinking skills. 

Meanwhile, media experts gave an average score of 
3.43, indicating that AWBIT excels in interface design, 
navigation, interactivity, and technical functionality. The 
higher media validation score confirms that the platform 
offers a user-friendly, accessible learning environment, 
which is essential for reducing cognitive load and 
supporting students' independent, adaptive learning 
processes. 

B. Student Response to AWBIT 
 A total of 30 students filled out a questionnaire 

assessing ease of use, appeal, and motivation. The average 
response score was 3.35 (strongly agree), with practicality 
of use at 3.75 (high). This shows that AWBIT was well 
received and considered more appealing than conventional 
learning methods. The explanation above is shown in 
Figure 2. 

 

Fig. 2.  Student Response to AWBIT Result  

The results of the student response questionnaire 
indicate a positive perception of Adaptive Web-Based 
Interactive Tutoring (AWBIT). The average media 
attractiveness score was 3.35, suggesting that students 
perceived the visual design, layout, and interactive 
features of AWBIT as engaging and supportive of 
learning. An attractive interface is critical in web-based 
adaptive learning, as it enhances students' initial 
motivation and sustains their engagement during learning 
activities. 

Furthermore, the practicality of AWBIT received a 
higher average score of 3.75, indicating that students 
found the platform easy to use, efficient, and well-
integrated into their learning routines. This finding implies 

that AWBIT effectively supports self-directed learning by 
allowing students to access materials, complete tasks, and 
receive feedback with minimal technical barriers. The 
higher practicality score also suggests that AWBIT's 
adaptive features facilitate personalized learning 
experiences, which are often lacking in conventional 
instructional methods (Hutain & Michinov, 2022; Junaid 
et al., 2025). 

C. Statistical Assumptions 
 Prior to conducting inferential statistical analysis, 

it is essential to examine whether the research data meet 
the assumptions required for parametric testing. In quasi-
experimental studies that compare means between groups, 
the assumptions of normality and homogeneity of variance 
must be met to ensure the validity and reliability of 
statistical conclusions. Therefore, a normality test was 
performed as a prerequisite to determine whether 
parametric statistical techniques were appropriate for this 
study. 

D. Normality Test 
The normality test was conducted as a prerequisite to 

ensure that the research data met the assumption of 
normality before applying parametric statistical tests. This 
assumption is essential because the study used an 
independent-samples t-test to compare learning outcomes 
between the experimental and control groups. In this 
study, normality was examined using the Lilliefors test 
and supported by a graphical analysis through a Normal 
Q-Q Plot. The data are considered normally distributed 
when the calculated Lilliefors value is less than the critical 
value, and the data points on the Q-Q plot closely follow 
the diagonal line. The results of the normality test are 
presented in Figure 3. 

 

Fig. 3. Normality Test Result  

Figure 3 presents the results of the normality test using 
the Lilliefors method. The analysis shows that the 
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calculated Lilliefors value (L_count = 0.08) is lower than 
the critical value (L_table = 0.11) at the significance level 
Œ± = 0.05. This result indicates that the data distribution 
does not deviate significantly from normality, thereby 
satisfying the normality assumption required for 
parametric analysis. 

The Q-Q plot further supports this finding, as the 
observed data points closely follow the theoretical normal 
distribution line, with no substantial deviations at the tails. 
This pattern suggests that the data are symmetrically 
distributed and free from extreme skewness or kurtosis. 
Consequently, the fulfilment of the normality assumption 
strengthens the robustness of subsequent hypothesis 
testing and justifies the use of parametric statistical 
procedures, such as the independent samples t-test, in 
analyzing the effectiveness of the AWBIT intervention. 

E. Homogeneity Test 
After confirming that the data met the normality 

assumption, the next prerequisite analysis tested for 
homogeneity of variances between the experimental and 
control groups. Homogeneity of variance is a critical 
assumption in parametric comparative analysis, 
particularly when using an independent samples t-test, as 
it ensures that variability in scores across groups is 
comparable. To assess this assumption, Bartlett's test was 
employed because the data were normally distributed, 
making it an appropriate and sensitive method for 
evaluating equality of variance across groups. 

 

Fig. 4. Homogeneity Test Result 

Figure 4 presents the results of the homogeneity test 
using the Bartlett method. The calculated value (œá¬≤ = 
1.24) was lower than the critical value (œá¬≤table = 3.84, 
Œ± = 0.05), confirming that the variances of both groups 
were homogeneous. 

This result indicates that the differences in learning 
outcomes between the experimental and control groups 

cannot be attributed to unequal variances, but rather to the 
learning intervention itself. In other words, the statistical 
assumption of equal variance was met, strengthening the 
validity of subsequent hypothesis testing and ensuring that 
the observed differences more accurately reflect the 
impact of AWBIT. 

F. Hypothesis Test 
After the assumptions of normality and homogeneity 

were met, a hypothesis test was conducted to examine 
whether there was a statistically significant difference in 
learning outcomes between students who used Adaptive 
Web-Based Interactive Tutoring (AWBIT) and those who 
received conventional instruction. An independent 
samples t-test with a one-tailed significance level (Œ± = 
0.05) was used, as the research hypothesis explicitly 
predicted that the experimental group's learning outcomes 
would be higher than those of the control group. This 
analysis aimed to determine the effectiveness of AWBIT 
in improving students' calculus achievement compared to 
traditional teaching methods. 

 

Fig. 5.  Hypothesis Test Result 

Figure 5 illustrates the distribution of the one-tailed t-
test and the decision region used to evaluate the research 
hypothesis. The position of the calculated t-value (t-count 
= 3.42) well beyond the critical threshold (t-table = 1.67) 
places it clearly within the rejection region of the null 
hypothesis. This separation indicates not only statistical 
significance but also a substantial difference in learning 
outcomes between the experimental and control groups. 
The magnitude of this gap suggests that the observed effect 
is not marginal but reflects a meaningful instructional 
impact attributable to the AWBIT intervention. 

From an educational perspective, these results imply 
that the adaptive and interactive mechanisms embedded in 
AWBIT effectively support students' conceptual 
engagement with calculus content. The system's ability to 
adjust learning pathways, provide immediate feedback, 
and offer varied representations of abstract concepts 
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appears to facilitate deeper cognitive processing (Fluck et 
al., 2020; Morris et al., 2024). This finding aligns with 
adaptive learning theory, which posits that personalized 
instructional responses enhance learning efficiency by 
reducing extraneous cognitive load and supporting self-
regulated learning behaviors. 

Furthermore, the rejection of the null hypothesis 
reinforces the robustness of the research design, given that 
prerequisite assumptions of normality and homogeneity 
were satisfied prior to hypothesis testing. This strengthens 
the internal validity of the findings and supports the 
appropriateness of using a parametric statistical approach. 
Consequently, the significant difference observed can be 
confidently attributed to the instructional treatment rather 
than random variation or measurement error (Ayob & 
Hamada, 2024).. These findings confirm that an adaptive 
technology-based approach is not only feasible in design 
but also has a tangible impact on improving students' 
understanding of Calculus, particularly for those who face 
difficulties due to variations in learning styles and speeds. 

Table 3.  Average Learning Outcomes 

Group Average 
Pretest 

Posttest 
Average 

Gain 
Score 

Experiment 
(AWBIT) 

58,2 83,6 0,61 

Control 57,8 72,3 0,34 
 

Table 3 presents a comparative summary of students' 
learning outcomes in the experimental and control groups, 
based on their average pretest and posttest scores and 
normalized gain values. Both groups exhibited 
comparable initial abilities, as indicated by similar pretest 
averages (58.2 for the experimental group and 57.8 for the 
control group), suggesting that the two groups were 
relatively equivalent prior to the intervention. This 
equivalence strengthens the internal validity of the 
comparison, as post-intervention differences can be more 
confidently attributed to the instructional treatment. 

Following the intervention, the experimental group 
that learned using Adaptive Web-Based Interactive 
Tutoring (AWBIT) demonstrated a substantial 
improvement, with the average post-test score increasing 
to 83.6 and a normalized gain score of 0.61, which falls 
within the medium improvement category. In contrast, the 
control group, which received conventional instruction, 
showed a more modest increase, with an average post-test 
score of 72.3 and a gain score of 0.34, categorized as low. 
The higher gain achieved by the experimental group 
indicates that AWBIT was more effective in facilitating 
meaningful learning progress compared to traditional 
teaching methods. 

From a pedagogical perspective, the medium gain 
observed in the AWBIT group suggests that the system's 
adaptive mechanisms, such as personalized learning paths, 
immediate feedback, and interactive instructional content, 

played a significant role in supporting students' 
understanding of abstract and cognitively demanding 
calculus concepts. These findings are aligned with 
adaptive learning theory, which posits that instruction 
tailored to learners' individual needs and learning pace can 
enhance conceptual mastery and reduce learning 
disparities. Practically, the results indicate that AWBIT is 
a viable and effective instructional model for improving 
student achievement in complex subject areas. 
Theoretically, the findings provide empirical support for 
the effectiveness of adaptive digital learning environments 
in higher education contexts. 

The findings of this study provide strong support for 
adaptive learning theory (Saul et al., 2022; 
Zhilmagambetova & Kopeyev, 2023), which emphasizes 
that digital learning media should dynamically adjust 
instructional content and delivery to students' prior 
knowledge and learning needs. The significant 
improvement in the experimental group suggests that 
AWBIT's design, using interactive materials, quizzes, 
videos, and exercises, was successful in reducing the 
cognitive load of Calculus, thereby enabling students to 
grasp abstract and complex concepts more effectively 
(Oktaviyanthi & Agus, 2024; Ziatdinov & Valles, 2022). 

The novel contribution of this study lies in positioning 
AWBIT not merely as an adaptive content delivery system 
but as an integrated web-based interactive tutoring model 
that simultaneously supports conceptual mastery and the 
development of digital literacy. Unlike most adaptive 
learning systems that emphasize personalized sequencing 
alone, AWBIT combines adaptivity, sustained 
interactivity, immediate feedback, and learner autonomy 
within a single platform. This integrated approach extends 
prior adaptive learning research by demonstrating that 
adaptive effectiveness in calculus learning is enhanced 
when personalization aligns with interactive and 
constructivist learning principles. 

This aligns with, Purba & Saragih. (2023), who argue 
that technology-driven educational transformation 
enhances learning effectiveness through student 
engagement and meaningful experiences. AWBIT's 
flexibility in accessing materials, completing assignments, 
and receiving immediate feedback not only improves 
comprehension but also fosters learner autonomy.  Avila 
et al., (2022) agree that the ability to provide timely 
feedback is particularly critical, as it prevents 
misconceptions from persisting and enhances the quality 
of self-regulated learning. 

The positive student response (M = 3.35, strongly 
agree) further demonstrates that AWBIT is not only 
cognitively effective but also motivating. This confirms 
Mu√±oz et al. (2022), who show that adaptive platforms 
increase participation by granting students space for 
exploration and personalization. Motivation here functions 
as a mediating factor, transforming interaction with digital 
tools into meaningful learning gains, which explains why 
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the experimental group's outcomes improved significantly 
(Geng et al., 2020). 

Validation from material and media experts (scores of 
3.38 and 3.43, respectively) indicates that AWBIT meets 
both pedagogical and technical standards. This finding 
supports Hashmi et al. (2025) in their view that the success 
of web-based systems depends heavily on high-quality 
content and interactivity. Adhering to UX/UI principles 
suggests that AWBIT is not merely functional but also 
user-centered, ensuring long-term sustainability and 
scalability in higher education. Theoretically, these 
findings reinforce the integration of adaptive learning 
theory and constructivist frameworks by showing that 
adaptive systems can accommodate diverse learner 
profiles while maintaining uniform mastery objectives. 
Practically, AWBIT offers a replicable instructional model 
for courses with high cognitive demands, particularly in 
higher education contexts undergoing digital 
transformation. 

In the context of mathematics learning, AWBIT 
addresses the persistent issue of conceptual abstraction. 
Embedding experiential tasks and interactive features, like 
the AR-based media tested by Cahyana et al. (2024) 
AWBIT, promotes active knowledge construction rather 
than passive reception. This experiential orientation aligns 
with constructivist principles, in which students engage in 
deeper cognitive processing, resulting in stronger mastery 
of abstract mathematical reasoning (Graafsma et al., 
2023). 

From an institutional perspective, AWBIT supports 
Outcome-Based Education (OBE), particularly its focus 
on the four literacies: data, technology, human, and 
language. This reinforces the point that adaptive LMS 
implementations can support flexible, student-centered 
learning. However, while this study shows that AWBIT 
contributes to digital literacy, future work should specify 
which dimensions, such as critical evaluation, online 
collaboration, or digital communication, are most directly 
improved (Song, 2020). 

Despite these contributions, several limitations should 
be acknowledged. First, the quasi-experimental design and 
the relatively limited sample size restrict the 
generalizability of the findings. Second, the intervention 
was conducted within a single academic term, which may 
not fully capture the long-term effects of AWBIT on 
learning retention and sustained digital literacy 
development. Third, the study primarily relied on 
quantitative measures, limiting deeper insights into 
students' cognitive and metacognitive processes during 
adaptive learning. 

Theoretically, the study strengthens both adaptive and 
constructivist frameworks by showing that adaptive 
systems can reconcile diverse learner profiles with 
uniform mastery goals in higher education. In practice, 
AWBIT offers a replicable model for high-cognitive-

demand courses while contributing to the broader agenda 
of digital transformation in universities. Its dual role as 
both a learning innovation and a digital literacy enhancer 
positions AWBIT as a strategic response to the demands 
of the digital era. 

Overall, the results of this study demonstrate AWBIT's 
effectiveness in improving learning outcomes and digital 
literacy and highlight its broader significance for 
advancing higher education. By combining adaptivity, 
interactivity, and constructivist design, AWBIT represents 
a pedagogical innovation that prepares students to 
compete and contribute to increasingly digitized 
professional environments. 

Future research is recommended to employ 
longitudinal and mixed method designs with larger, more 
diverse samples to examine the long-term impact of 
AWBIT across diverse learning contexts. Further studies 
should also investigate specific dimensions of digital 
literacy, such as critical evaluation, online collaboration, 
and digital communication, to clarify which competencies 
are most influenced by adaptive web-based tutoring 
systems. Additionally, examining AWBIT's effectiveness 
in other mathematical domains or disciplines would 
strengthen its scalability and transferability.” 

IV. Conclusion 
This study demonstrates that the implementation of 

Adaptive Web-Based Interactive Tutoring (AWBIT) 
represents an effective innovation in calculus learning 
within the Mathematics Education Department at the State 
University of Medan. The development and validation 
process confirms that AWBIT meets both pedagogical and 
technical standards, as evidenced by high evaluations from 
subject-matter and media experts. In addition, students’ 
positive perceptions indicate that the platform is engaging, 
accessible, and supportive in facilitating the understanding 
of abstract calculus concepts, highlighting its practicality 
as a digital learning medium. Empirical findings further 
reveal that AWBIT significantly affects students’ learning 
outcomes. The experimental group showed higher posttest 
scores and greater learning gains compared to the control 
group, with statistically significant differences between 
the two groups. These results indicate that adaptive web-
based tutoring can effectively accommodate variations in 
students’ learning pace and needs, thereby enhancing 
conceptual mastery more efficiently than conventional 
instructional approaches. The integration of interactive 
features and immediate feedback appears to play a crucial 
role in supporting students’ active engagement and self-
regulated learning. From a broader perspective, this 
research reinforces adaptive and constructivist learning 
theories by providing evidence that adaptive digital 
systems can support meaningful knowledge construction 
in higher education. The findings are also aligned with the 
principles of Outcome-Based Education and the 
Independent Learning, Independent Campus policy, 
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emphasizing the strategic role of technology in fostering 
essential 21st-century competencies. Overall, AWBIT not 
only improves academic achievement in calculus but also 
strengthens students’ digital literacy, positioning it as a 
relevant and sustainable model for digitally enhanced 
learning in higher education. 
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