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Abstract: This study investigates the effectiveness of adaptive learning systems in developing students’ web 
design competence within higher education. The research adopts a quasi-experimental design involving control 
and experimental groups to evaluate the impact of adaptive digital environments enhanced by multimodal 
learning analytics (MLA). A total of 120 undergraduate students participated in the study over a 12-week 
intervention period. Data were collected using pre-test and post-test assessments, learning analytics indicators, 
and engagement metrics. The findings reveal that students exposed to adaptive learning systems demonstrated 
significantly higher improvement in web design competence compared to those in traditional learning 
environments. The results highlight the role of personalized learning pathways, real-time feedback, and data-
driven adaptation in enhancing learning outcomes. This study provides empirical evidence supporting the 
integration of adaptive learning technologies in digital education. 
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Introduction: The integration of adaptive learning 

systems into higher education has significantly 

transformed traditional instructional practices, enabling 

more personalized, flexible, and data-driven learning 

experiences. In contemporary digital education, the 

shift from teacher-centered to learner-centered 

approaches has been accelerated by the incorporation 

of artificial intelligence (AI), learning analytics, and 

intelligent tutoring systems. These technologies allow 

educational platforms to dynamically adjust 

instructional content, pacing, and feedback based on 

individual learners’ needs, preferences, and 

performance levels. As a result, adaptive learning 

environments are increasingly recognized as a key 

driver for improving learning effectiveness and 

supporting competency-based education. 

In parallel with these technological advancements, the 

demand for digital competencies—particularly web 

design competence—has grown substantially. Web 

design competence encompasses not only technical 

skills such as coding and interface development but also 

cognitive, creative, and problem-solving abilities 

required for designing user-centered digital solutions. 

Developing such multifaceted competence requires 

innovative pedagogical approaches that go beyond 

traditional lecture-based instruction and incorporate 

interactive, adaptive, and data-informed learning 

strategies. 

According to Wayne Holmes (2024), adaptive learning 

environments powered by AI have considerable 

potential to enhance student engagement, motivation, 

and learning outcomes by providing personalized 

learning pathways and real-time feedback. These 

systems utilize data collected from learners’ 

interactions to continuously optimize the learning 

process, thereby creating more efficient and effective 

educational experiences. Furthermore, recent studies in 

learning analytics emphasize the importance of data-

driven decision-making in education, highlighting how 

analytics can support the identification of learning 
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patterns, prediction of performance, and 

implementation of timely interventions. 

However, despite the rapid adoption of adaptive 

learning technologies in higher education, there 

remains a notable lack of empirical evidence 

demonstrating their effectiveness in developing 

complex competencies, such as web design 

competence. Many existing studies are predominantly 

theoretical or focus on general learning outcomes, 

without providing robust experimental validation in 

specific domains of professional competence 

development. This gap limits the ability of educators 

and policymakers to make informed decisions regarding 

the implementation of adaptive systems in educational 

practice. 

Therefore, this study aims to address this research gap 

by conducting an empirical investigation into the 

effectiveness of adaptive learning systems in 

developing web design competence among university 

students. By employing a quasi-experimental research 

design and integrating learning analytics data, the study 

seeks to provide evidence-based insights into how 

adaptive digital environments influence students’ 

competence development, engagement, and overall 

learning performance. 

METHODOLOGY 

1. Research Design 

This study employs a quasi-experimental research 

design with control and experimental groups to 

evaluate the effectiveness of adaptive learning systems 

in developing web design competence. The quasi-

experimental approach is widely used in educational 

research where random assignment is limited but 

comparative analysis is required. As noted by John W. 

Creswell (2023), such designs enable researchers to 

examine causal relationships between instructional 

interventions and learning outcomes in real educational 

settings. 

The design includes a pre-test–post-test structure, 

allowing for the measurement of competence 

development over time and comparison between 

groups exposed to different instructional approaches. 

2. Participants 

The study involved a total of 120 undergraduate 

students enrolled in the Computer Engineering program 

at a higher education institution. The participants were 

selected using a purposive sampling method to ensure 

homogeneity in academic background and prior 

knowledge. 

Participants were divided into two groups: 

Experimental group (n = 60) — engaged in an adaptive 

learning environment  

Control group (n = 60) — received traditional instruction  

Both groups were comparable in terms of age, academic 

performance, and initial competence levels, which was 

confirmed through pre-test analysis. 

3. Intervention 

The experimental group participated in a structured 

learning process using an adaptive learning platform 

designed to enhance web design competence. The 

platform integrated several advanced components: 

Multimodal Learning Analytics (MLA) for collecting and 

analyzing behavioral, cognitive, and affective data  

Personalized learning pathways, dynamically adjusted 

based on learner performance  

Real-time feedback mechanisms, providing immediate 

guidance and correction  

The instructional intervention was conducted over a 

period of 12 weeks, during which students completed a 

series of progressively complex web design tasks. 

In contrast, the control group followed a traditional 

instructional approach based on lectures, static 

materials, and standard assessments without adaptive 

features. 
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Figure 1. Methodological framework of the quasi-experimental study on adaptive learning systems for 

developing web design competence 

 

4. Data Collection Instruments 

To ensure comprehensive data collection, multiple 

instruments were employed: 

Pre-test and post-test assessments, designed to 

measure students’ web design competence, including 

technical skills, problem-solving ability, and creativity  

Learning analytics indicators, such as engagement 

levels, time-on-task, and task completion rates, 

collected automatically by the system  

Observation protocols and activity logs, used to monitor 

student behavior and interaction patterns during the 

learning process  

These instruments provided both quantitative and 

qualitative data, enabling a multidimensional 

evaluation of learning outcomes. 

2.5. Data Analysis 

The collected data were analyzed using statistical 

methods to determine the effectiveness of the adaptive 

learning system: 

Paired sample t-test was used to assess within-group 

differences between pre-test and post-test scores  

Independent sample t-test was applied to compare the 

performance of experimental and control groups  

Effect size (Cohen’s d) was calculated to determine the 

magnitude of the observed differences  

𝑑 =
𝑀1 − 𝑀2

𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑
           (1) 

Statistical significance was determined at the p < 0.05 

level. Data analysis was conducted using standard 

statistical software (e.g., SPSS), ensuring accuracy and 

reliability of results. 

Overall, the methodological design ensures the validity 

and reliability of the findings by combining controlled 

comparison, multiple data sources, and robust 

statistical analysis. 

RESULTS 

1. Pre-test and Post-test Analysis 

The analysis of pre-test results indicated that there was 
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no statistically significant difference between the 

experimental and control groups at the initial stage (p > 

0.05). This confirms that both groups had comparable 

baseline levels of web design competence prior to the 

intervention, ensuring the validity of subsequent 

comparisons. 

Following the 12-week instructional period, the post-

test results revealed a substantial improvement in the 

experimental group compared to the control group. 

Specifically: 

Experimental group demonstrated a mean increase of 

+28%, reflecting significant enhancement in technical, 

cognitive, and creative aspects of web design 

competence.  

Control group showed a more modest improvement of 

+12%, indicating limited effectiveness of traditional 

instructional methods.  

These findings suggest that adaptive learning systems 

provide a more effective learning environment for 

competence development than conventional 

approaches. 

2. Statistical Significance 

To evaluate the statistical significance of the observed 

differences, both within-group and between-group 

analyses were conducted. 

The paired sample t-test confirmed that the 

improvement within the experimental group was 

statistically significant (p < 0.01), indicating that the 

observed changes were not due to chance.  

The independent sample t-test further demonstrated a 

significant difference between the experimental and 

control groups in post-test scores (p < 0.01).  

Additionally, the effect size was calculated using 

Cohen’s d: 

𝑑 = 0.85 

An effect size of 0.85 is considered large, indicating a 

strong practical impact of the adaptive learning 

intervention on students’ competence development. 

This result confirms that the adaptive system not only 

produces statistically significant outcomes but also has 

substantial educational significance. 

3. Learning Analytics Findings 

The analysis of learning analytics data provided further 

insights into the effectiveness of the adaptive learning 

system: 

Higher engagement levels were observed in the 

experimental group, as evidenced by increased 

interaction frequency, longer time-on-task, and 

consistent participation throughout the learning 

process.  

Task completion rates were significantly higher among 

students using the adaptive platform, indicating 

improved motivation and persistence.  

Reduced cognitive overload was identified through 

smoother learning progression and fewer instances of 

task abandonment, suggesting that personalized 

content delivery helped maintain an optimal balance 

between challenge and ability.  

These findings highlight the critical role of multimodal 

learning analytics in supporting adaptive mechanisms 

and enhancing the overall learning experience. The 

integration of real-time data analysis and feedback 

enabled the system to respond effectively to individual 

learner needs, thereby facilitating more efficient and 

meaningful competence development. 

Overall, the results provide strong empirical evidence 

that adaptive learning systems significantly outperform 

traditional instructional methods in developing web 

design competence, both in terms of statistical 

outcomes and learner engagement. 

DISCUSSION 

The findings of this study provide strong empirical 

evidence that adaptive learning systems significantly 

enhance the development of web design competence 

among university students. The observed 

improvements in the experimental group confirm the 

effectiveness of integrating adaptive technologies and 

multimodal learning analytics (MLA) into the 

educational process. These results are consistent with 

the research of Dragan Gašević (2024), who highlights 

the critical role of data-driven learning environments in 

improving learning outcomes and enabling more 

precise instructional interventions. 

The superior performance of students in the adaptive 

learning environment can be attributed to several key 

factors. First, personalized learning pathways allowed 

students to engage with content that was aligned with 

their individual knowledge levels, learning pace, and 

cognitive needs. This personalization reduced 
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unnecessary cognitive load and ensured that learners 

were consistently challenged at an appropriate level. 

Second, the provision of immediate feedback enabled 

students to identify and correct errors in real time, 

thereby reinforcing learning and preventing the 

accumulation of misconceptions. Third, the use of data-

driven adaptation mechanisms allowed the system to 

continuously monitor learner behavior and dynamically 

adjust instructional strategies, resulting in a more 

responsive and efficient learning process. 

In contrast to traditional instructional methods, which 

typically rely on standardized content delivery and 

delayed assessment, adaptive learning systems offer 

several distinct advantages. One of the most significant 

benefits is higher learning efficiency, as students are 

able to focus on relevant content and avoid redundant 

or overly difficult tasks. Additionally, adaptive systems 

contribute to better student engagement, as interactive 

features, real-time feedback, and personalized 

experiences increase motivation and active 

participation. This is supported by the learning analytics 

data, which showed higher engagement levels and task 

completion rates in the experimental group. 

Moreover, the findings indicate that adaptive learning 

environments facilitate improved competence 

development, particularly in complex domains such as 

web design, which require the integration of technical, 

cognitive, and creative skills. The ability of the system to 

analyze multiple dimensions of learner performance—

behavioral, cognitive, and affective—enables a more 

comprehensive and accurate assessment of 

competence. This multidimensional approach 

represents a significant advancement over traditional 

evaluation methods, which often focus solely on test-

based outcomes. 

Despite these positive findings, several challenges must 

be considered. The implementation of adaptive learning 

systems requires substantial technological 

infrastructure, including data collection tools, analytics 

engines, and intelligent algorithms. Additionally, issues 

related to data privacy, ethical considerations, and 

system scalability must be addressed to ensure 

responsible and sustainable adoption. 

Overall, the discussion highlights that the integration of 

adaptive learning systems and multimodal learning 

analytics represents a transformative approach to 

competence development in digital education. The 

results not only validate the effectiveness of adaptive 

technologies but also underscore their potential to 

redefine instructional practices in higher education. 

CONCLUSION 

This study provides robust empirical evidence that 

adaptive learning systems are significantly more 

effective than traditional instructional methods in 

developing web design competence among university 

students. The findings demonstrate that the integration 

of multimodal learning analytics (MLA) and AI-based 

adaptive mechanisms leads to substantial 

improvements in students’ technical skills, problem-

solving abilities, and creative performance. 

The results confirm that data-driven personalization, 

real-time feedback, and dynamic content adaptation 

play a critical role in enhancing learning outcomes. By 

continuously analyzing learners’ behavioral, cognitive, 

and affective data, adaptive systems are able to deliver 

tailored learning experiences that optimize 

engagement and support efficient competence 

development. In this regard, the study reinforces the 

growing body of research emphasizing the importance 

of intelligent and analytics-driven educational 

environments in modern higher education. 

From a practical perspective, the study highlights that 

the implementation of adaptive learning technologies 

can significantly improve instructional quality, increase 

student motivation, and enable more accurate and 

continuous assessment of competence. These findings 

suggest that higher education institutions should 

consider integrating adaptive platforms and learning 

analytics tools into their curricula, particularly in fields 

requiring complex and applied competencies such as 

web design. 

However, despite the positive outcomes, the study is 

limited by its relatively short intervention period and 

specific educational context. Therefore, future research 

should focus on examining the long-term impact of 

adaptive learning systems on competence 

development, as well as their scalability and 

applicability across different disciplines, institutions, 

and learner populations. Additionally, further studies 

should explore the integration of emerging 

technologies such as generative artificial intelligence, 

immersive environments, and advanced analytics 
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models to enhance the effectiveness of adaptive 

systems. 

In conclusion, this study confirms that adaptive learning 

systems, supported by MLA and AI technologies, 

represent a powerful and innovative approach to 

developing web design competence. Their adoption has 

the potential to transform educational practices and 

contribute to the advancement of digital pedagogy in 

higher education. 
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