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 This study examines the application of deep learning strategies in mathematics 
education to enhance student engagement and conceptual mastery at a higher 
education institution in Lampung, Indonesia. Traditional teaching methods, which 
often focus on rote memorization and procedural fluency, are limited in fostering 
critical problem-solving skills and deeper conceptual understanding. This research 
investigates how deep learning strategies such as active learning, collaborative 
problem-solving, and self-regulated learning can bridge these gaps. A mixed-
methods approach was used, combining quantitative data from the Deep Learning 
Engagement Questionnaire (DLEQ) with qualitative insights from focus group 
discussions, reflective journals, and interviews with lecturers. Interactive tools like 
GeoGebra were also incorporated to support the learning process. The findings 
indicate that deep learning strategies significantly improved student engagement, 
motivation, conceptual understanding, and problem-solving abilities. Students 
demonstrated better application of mathematical concepts in practical settings, 
and lecturers observed improved student performance. This study concludes that 
the integration of deep learning principles into mathematics education significantly 
enhances learning outcomes and equips students with the skills needed to navigate 
real-world challenges. These findings provide meaningful implications for 
curriculum developers, educators, and policymakers in fostering sustainable, 
student-centered learning environments within higher education. 
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A. INTRODUCTION  

The current educational landscape encourages students to build essential skills such as 

creativity, critical thinking, and problem-solving to thrive in academic and professional settings 

(Tian et al., 2023). These skills are especially important in mathematics education, where 

teaching often relies on memorization and step-by-step procedures. This approach may help 

students learn basic techniques but does not always support a strong understanding of 

concepts or real-world application. Many students struggle when asked to apply their 

mathematical knowledge outside the classroom. Educators have increasingly explored new 

teaching strategies aimed at promoting deeper learning and enhancing student engagement. 

Deep learning has emerged as an effective strategy to support student-centered and active 

learning in higher education. This approach focuses on promoting deeper engagement, critical 

thinking, and conceptual mastery among students (Banihashem et al., 2022; Saleem et al., 2021). 
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Researchers have explained that deep learning supports the active construction of knowledge 

through collaborative work, real-world problem-solving, and self-directed learning activities. 

Learning environments that implement these strategies help students move beyond passive 

listening, allowing them to understand and apply mathematical concepts across multiple 

contexts. 

Self-regulated learning represents a core component of deep learning. Students are 

expected to take ownership of their academic progress by setting goals, monitoring their 

understanding, and adjusting their learning strategies when necessary. This process leads to 

improved metacognitive awareness and stronger problem-solving abilities (Saint et al., 2022; 

S. Wang et al., 2024). Learners who consistently apply self-regulation techniques tend to 

perform better on tasks that require flexible thinking and conceptual reasoning. The integration 

of active learning and self-regulated learning strategies has been shown to significantly 

improve outcomes in mathematics education. 

Several empirical studies support the effectiveness of deep learning strategies in improving 

academic performance. Active learning, collaborative problem-solving, and self-regulation 

have been found to enhance student engagement, conceptual mastery, and the ability to solve 

problems (Azevedo & Gašević, 2019; Molenaar et al., 2023; C. Y. Wang & Lin, 2023). These 

strategies are particularly relevant in mathematics education, where students often struggle 

with abstract concepts. Engaging with real-world problems helps learners apply their 

knowledge meaningfully. Deep learning not only improves academic performance but also 

fosters a sense of ownership in the learning process, which contributes to increased motivation 

and better long-term academic outcomes. 

Student engagement stands out as a key outcome of deep learning. This concept includes 

cognitive, emotional, and behavioral dimensions and plays a crucial role in shaping learning 

outcomes (Bernard, 2015; Fredricks et al., 2016; Nezami et al., 2018; Sannathimmappa et al., 

2022). Higher levels of engagement have consistently been linked to increased motivation, 

better comprehension, and stronger memory retention. In mathematics, where concepts are 

often abstract and complex, engagement ensures not only understanding but also the practical 

application of knowledge. Evidence from STEM education further indicates that student-

centered environments enhance engagement, especially when learners actively participate and 

collaborate to solve meaningful problems (Santana et al., 2020).  

Technology plays a critical role in supporting the deep learning process. Interactive tools 

such as GeoGebra help students explore mathematical models and visualize abstract 

relationships in real time. These technologies provide visual and dynamic representations that 

improve conceptual clarity while bridging the gap between theory and application (Ishartono 

et al., 2022; Zetriuslita et al., 2021). The inclusion of immediate feedback features enables 

students to reflect on their learning and revise their approaches, which strengthens self-

regulated learning (González-Calatayud et al., 2021; Luo & Zhou, 2024). With the aid of 

technology, learners can engage more deeply with content, stay motivated, and improve their 

problem-solving performance. 

Many studies have explored deep learning strategies in Western education systems, but 

limited research has addressed their application in Indonesian higher education. Regions such 

as Lampung have not yet fully adopted these approaches. Most mathematics instruction in 
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Indonesia still relies on traditional methods that emphasize memorization and procedural 

fluency. These practices limit students’ opportunities to engage meaningfully with 

mathematical ideas or transfer knowledge to unfamiliar situations. Educational institutions in 

Lampung face additional barriers such as overcrowded classrooms, limited instructional 

resources, and a strong preference for lecture-based delivery (Ishartono et al., 2022; Maizora 

et al., 2023). These contextual factors hinder the widespread adoption of student-centered 

approaches. 

Efforts to improve educational quality in Lampung must address these structural and 

pedagogical barriers. Integrating deep learning strategies into the mathematics curriculum 

offers a promising path forward. This study aims to explore how such strategies can strengthen 

engagement, improve conceptual understanding, and promote effective problem-solving in the 

specific context of Lampung. The research focuses specifically on the context of Lampung to 

address a critical gap in the literature related to deep learning in mathematics education within 

developing countries, including Indonesia. Findings from this study are expected to provide 

practical insights for educators and policymakers, particularly in designing and implementing 

deep learning strategies in regions with similar educational limitations. Evidence generated 

from the research may support the transformation of mathematics education in Lampung into 

a more interactive, engaging, and meaningful experience. The potential impact of this study 

extends beyond Lampung, offering a model for other regions facing similar challenges across 

Indonesia and the Global South. 

 

B. METHODS 

The study investigated the influence of deep learning strategies on student engagement 

and conceptual mastery in mathematics education at a higher education institution in Lampung, 

Indonesia. A mixed-methods approach combined both quantitative and qualitative data to 

provide a comprehensive understanding of the phenomenon. Quantitative data came from the 

Deep Learning Engagement Questionnaire (DLEQ), which was adapted from (Dai et al., 2022; 

Panadero et al., 2021). The instrument included 25 items that measured five dimensions: 

cognitive engagement, collaboration, self-regulation, creativity, problem-solving, and 

conceptual understanding. Descriptive statistical analysis measured the differences in student 

responses before and after the implementation of deep learning strategies. 

Qualitative data enriched the findings through student and lecturer perspectives. Focus 

group discussions captured students’ experiences with collaborative learning, active 

participation, and self-regulation. Reflective journals documented students’ metacognitive 

awareness and progress throughout the learning process. Semi-structured interviews provided 

lecturers’ insights into the instructional effects of deep learning strategies. Thematic analysis, 

guided by the framework of Kiger & Varpio (2020), identified key patterns and themes. NVivo 

software supported the coding and categorization process, which revealed consistent findings 

regarding increased autonomy, deeper engagement, and positive responses to the integration 

of digital tools such as GeoGebra. 

Integration of both data types offered a holistic interpretation of the results. Quantitative 

findings presented measurable patterns, while qualitative narratives provided context and 

explanation for the observed changes. The combined insights contributed to a more nuanced 
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understanding of how deep learning strategies enhanced classroom engagement and 

conceptual mastery. The overall research procedure is illustrated in Figure 1, which outlines 

each phase of the process from problem identification to data interpretation. 

 

 
Figure 1. Procedural Flow of the Deep Learning Intervention Study 

 

Figure 1 illustrates that this study is structured in a way that shows a systematic and 

integrated research process, beginning with the identification of the research problem and 

objectives, followed by instrument development, and branching into two data collection paths: 

quantitative and qualitative. Each path involves specific procedures, such as pre- and post-tests 

using DLEQ for the quantitative strand, and FGDs, reflective journals, and interviews for the 

qualitative strand. Both data types were analyzed independently before being integrated to 

form a comprehensive interpretation. This approach allowed the researchers to capture not 

only measurable shifts in engagement and conceptual understanding but also the contextual 

and experiential insights behind these shifts. The combination of methods strengthens the 

credibility of the findings and offers a well-rounded perspective on the impact of deep learning 

strategies in mathematics education within the Indonesian higher education context. 

 

C. RESULT AND DISCUSSION 

This section presents the findings from both the quantitative and qualitative data, along 

with the results of several statistical analyses. The purpose is to provide a comprehensive 

understanding of how deep learning strategies impact student engagement, conceptual 

mastery, and problem-solving skills in mathematics education. The analyses include correlation 

analysis, group comparisons, descriptive statistics, reliability checks, and regression analysis to 

evaluate the effectiveness of these strategies in improving learning outcomes. 
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1. Student Engagement Using the Deep Learning Engagement Questionnaire (DLEQ)  

The Deep Learning Engagement Questionnaire (DLEQ) indicated positive outcomes from 

implementing deep learning strategies. These strategies influenced student engagement across 

five dimensions: Cognitive Engagement, Conceptual Understanding, Collaboration and 

Communication, Creativity and Problem-Solving, and Self-Regulation and Autonomy. The 

results of the initial analysis can be seen in Table 1, which presents descriptive statistics for 

student engagement as measured by the DLEQ, followed by Figure 1, which visualizes these 

results. 

 

Table 1. Descriptive Statistics of Students’ Engagement in Deep Learning Across Five Dimensions 

Dimension Mean (M) Standard Deviation (SD) Interpretation 
Cognitive Engagement 4.12 0.51 High 
Conceptual Understanding 4.18 0.48 High 
Collaboration & Communication 3.89 0.63 Moderately High 
Creativity & Problem-Solving 3.81 0.57 Moderately High 
Self-Regulation & Autonomy 3.76 0.68 Moderate 
 

 
Figure 2. Distribution of DLEQ Scores Across Engagement Dimensions 

 

Table 1 shows that the highest engagement levels were recorded in Conceptual 

Understanding (M = 4.18, SD = 0.48) and Cognitive Engagement (M = 4.12, SD = 0.51). These 

findings demonstrate the effectiveness of deep learning strategies in strengthening students’ 

focus, analytical skills, and understanding of mathematical concepts. The high scores are 

supported by qualitative responses in which students described active and engaging learning 

environments. Moderately high engagement was observed in Collaboration and 

Communication (M = 3.89, SD = 0.63) and Creativity and Problem-Solving (M = 3.81, SD = 0.57), 

indicating participation in cooperative learning and flexible problem-solving approaches. 

These areas suggest opportunities for improvement, especially in fostering collaborative 

learning and innovative thinking. Self-Regulation and Autonomy received the lowest mean 

score (M = 3.76, SD = 0.68) and the widest range of responses. These results highlight students’ 

challenges in goal-setting, self-monitoring, and adapting strategies independently. Additional 
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support may be necessary to build learners’ metacognitive and self-directed learning 

capabilities. The distribution of scores across the five dimensions, as shown in Figure 1, 

reinforces the quantitative patterns and highlights the areas where deep learning strategies 

have the greatest and least impact. Building upon the descriptive findings of student 

engagement levels, the correlational analysis results are presented in Figure 3, which illustrates 

the strength of relationships among the five engagement dimensions assessed by the Deep 

Learning Engagement Questionnaire (DLEQ). 

 

 
Figure 3. The Strength of Relationships Among DLEQ Engagement Areas 

 

Figure 3 illustrates the presence of meaningful interconnections among the core 

dimensions of engagement. A strong correlation between Cognitive Engagement and 

Conceptual Understanding (r = 0.82, p < 0.01) suggests that students who invest greater 

cognitive effort tend to achieve deeper comprehension of mathematical content. This link 

reinforces the pedagogical value of designing cognitively demanding tasks to foster conceptual 

mastery. A moderate correlation between Self-Regulation and Creativity and Problem-Solving 

(r = 0.64, p < 0.01) indicates that students with stronger self-monitoring capabilities are better 

equipped to manage open-ended and complex learning tasks. Additionally, Collaboration and 

Communication exhibited positive relationships with both Cognitive Engagement (r = 0.60, p < 

0.01) and Conceptual Understanding (r = 0.58, p < 0.05), affirming the role of social interaction 

in enhancing engagement and comprehension. These findings highlight that deep learning is 

multidimensional and that improvements in one area can positively influence others, providing 

important implications for integrated instructional strategies. Cognitive engagement and 

conceptual understanding emerged as the most prominent dimensions in terms of both 

correlation strength and average scores. This trend is further supported by the variability 

patterns illustrated in Figure 4, which highlights distinctions in student performance across 

Self-Regulation and Problem-Solving dimensions. 
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Figure 4. Variability in Self-Regulation and Problem-Solving Scores 

 

Figure 4 presents the distribution patterns of scores in Self-Regulation and Problem-

Solving. Descriptive analysis revealed that Cognitive Engagement and Conceptual 

Understanding followed near-normal distributions with skewness values of 0.25 and 0.22, 

indicating consistency among students in these domains. In contrast, Self-Regulation exhibited 

a slight negative skew (skewness = -0.34), implying that although most students reported 

moderate self-regulation, a portion encountered notable difficulties in managing their learning 

processes. Problem-Solving, on the other hand, showed a moderate positive skew (skewness = 

0.42), suggesting that while most students demonstrated average problem-solving abilities, a 

few outliers performed exceptionally well. These patterns emphasize the need for 

differentiated support in cultivating self-directed learning behaviors and sustaining higher 

order thinking skills across diverse student groups. A linear regression analysis was conducted 

to examine the predictive relationship between Cognitive Engagement and Conceptual 

Understanding. The results are presented in Figure 5. 

 

 
Figure 5. The Spread of Problem-Solving Scores Across Year Groups 
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Figure 5 shows that Cognitive Engagement emerged as the strongest predictor of 

Conceptual Understanding (β = 0.55, p < 0.01), accounting for 30% of the variance. This 

underscores the importance of promoting cognitive engagement to enhance students’ 

comprehension of mathematical concepts. The findings highlight the pivotal role of student 

engagement in fostering conceptual mastery and provide compelling evidence for prioritizing 

cognitive engagement in instructional strategies. These outcomes emphasize the need for well-

designed educational interventions that support active learning and deepen students' 

conceptual understanding. 

The quantitative results underscore the significant role of deep learning strategies in 

enhancing various dimensions of student engagement and promoting conceptual 

understanding in mathematics. Elevated scores in cognitive engagement and conceptual 

understanding were reinforced by statistical relationships, highlighting the value of meaningful, 

effortful learning processes in academic achievement(Dai et al., 2022; Panadero et al., 2021). 

The comparatively lower performance in self-regulation suggests that students still require 

guidance in developing metacognitive and autonomous learning skills, particularly in managing 

their progress and sustaining motivation (Tee et al., 2021). These findings align with prior 

research emphasizing the integration of active, reflective, and student-centered pedagogies to 

foster deeper learning outcomes (D. C. Alten et al., 2019). Future instructional practices should 

therefore consider not only fostering engagement but also equipping students with 

metacognitive tools to regulate their learning more effectively. 

 

2. Student and Lecturer Perceptions of Deep Learning Strategies 

The qualitative data collected from Focus Group Discussions (FGDs), Reflective Journals, 

and Semi-Structured Interviews provided rich contextual detail that corroborated and 

expanded upon the quantitative findings. These data sources revealed deeper insights into how 

deep learning strategies influenced student engagement, conceptual mastery, and problem-

solving abilities in mathematics education. They also offered a comprehensive view of the 

learning process, highlighting themes that meaningfully complement the quantitative results. 

a. From Memorization to Meaningful Understanding 

Students consistently described a shift from rote memorization toward more 

meaningful comprehension of mathematical concepts. Active learning environments 

encouraged learners to connect procedural knowledge with underlying conceptual 

frameworks. Student reflections revealed how instructional strategies promoted 

autonomy and deeper engagement. FGD and journal data illustrated the transition from 

passive reception to active construction of knowledge. The following quotes provide 

direct insight into this transformation:  

FGD Quote: 

"GeoGebra helped me see the concepts more interactively. It was easier to understand 

graphs and models that were hard to picture on paper." 

 

Reflective Journal: 

"In the past, I just followed the steps in the book, but now I can explain why each step 

matters and how it connects to the problem." 
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These reflections illustrated increased metacognitive awareness and meaningful 

learning. Students articulated reasoning behind each step, demonstrating improved 

autonomy and deeper comprehension. Responses aligned with high Cognitive 

Engagement and Conceptual Understanding scores in the DLEQ. Findings supported 

claims by Azevedo & Gašević, (2019) regarding the importance of reflective, student-

centered learning. Panadero et al. (2021) emphasized autonomy as a central outcome of 

deep learning. Molenaar et al. (2023) reported similar benefits from inquiry-based 

instruction, confirming its role in promoting long-term understanding and skill transfer. 

b. Collaborative Learning 

Collaboration emerged as a central theme in the qualitative data. Group-based tasks 

enabled deeper exploration of complex mathematical ideas. Peer interaction provided a 

platform for clarifying misunderstandings and reinforcing conceptual understanding. 

Student responses reflected moderately high levels of Collaboration and 

Communication in the DLEQ, supporting the interpretation that cooperative work 

promotes cognitive and affective engagement (Azevedo & Gašević, 2019). Insights from 

student voices further contextualize this theme: 

FGD Quote: 

"Working in groups made it easier to tackle tough problems. We could discuss our thought 

processes and help each other understand better." 

 

Reflective Journal: 

"I feel more confident in my understanding after working with others, especially when we 

compare different solutions." 

 

These comments demonstrated increased self-confidence and comprehension through 

peer collaboration. Cooperative learning enhanced students’ ability to explain concepts 

and consider diverse problem-solving approaches. Structured guidance and well-

defined group roles were mentioned as areas for potential improvement. More 

intentional scaffolding of group activities could elevate the effectiveness of collaboration, 

encouraging deeper interaction and more meaningful engagement (Nieto et al., 2024). 

c. Problem-Solving Challenges 

Problem-solving emerged as both a strength and a challenge in the qualitative findings. 

Students described cognitive growth through deep learning strategies yet admitted 

difficulties when confronted with highly complex tasks. Reflections revealed that while 

critical thinking was encouraged, the level of complexity often felt overwhelming. DLEQ 

results reflected this tension, showing moderate levels of engagement in Creativity and 

Problem-Solving. These findings underscore the need for additional scaffolding to 

support students through more demanding problem types (Molenaar et al., 2023; Scager 

et al., 2017) 

FGD Quote: 

"Some of the problems were too difficult. I felt lost at times and didn’t know how to 

approach them." 
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Reflective Journal: 

"I had to recheck my answers multiple times because I wasn’t sure how the methods applied 

to the questions." 

 

These student reflections emphasize the need for additional support in problem-solving, 

which corresponds with the moderate engagement observed in the DLEQ. Many 

students expressed difficulty with complex problems, indicating that more structured 

support is necessary to enhance their problem-solving skills. Providing step-by-step 

scaffolding and guided problem-solving activities could address these challenges. By 

offering targeted assistance, students would be better equipped to tackle complex tasks, 

ultimately building their confidence and improving their problem-solving abilities over 

time. 

d. Self-Regulated Learning 

Student reflections revealed increased awareness of learning processes, particularly in 

goal setting, self-monitoring, and reflection. Metacognitive skills appeared to strengthen 

through exposure to deep learning environments. Although moderate self-regulation 

scores emerged in the DLEQ, qualitative data suggested growing interest in managing 

learning independently. Some students expressed a desire for clearer strategies and 

guidance to better regulate their efforts and maintain consistent progress (Brenner, 

2022). 

FGD Quote: 

"I started thinking about how I learn best, setting goals for myself, and checking in to see if 

I was on track." 

 

Reflective Journal: 

"I made a plan for the week, and although I didn’t follow it perfectly, I’m becoming better 

at thinking about how to improve." 

 

These responses supported the quantitative findings. Students demonstrated 

metacognitive growth but acknowledged difficulties in maintaining consistent 

strategies. DLEQ data reflected this moderate engagement, aligning with earlier themes 

of partial autonomy. Despite the progress, students still needed structured support to 

transform self-awareness into sustained self-regulated behavior. Evidence from 

Azevedo & Gašević (2019) indicated that guided training in goal setting and reflective 

practices can significantly enhance learner autonomy. Interventions such as time 

management workshops, progress-tracking routines, and self-assessment tasks may 

help strengthen self-regulated learning. Scaffolding these areas would equip students 

with tools to manage learning demands more effectively and foster long-term academic 

independence. 

e. Technology-Enhanced Learning 

Technology emerged as a significant enabler in facilitating deep learning. GeoGebra was 

often mentioned as an instrumental tool in helping students visualize and explore 

abstract mathematical concepts. The software’s interactive features allowed learners to 
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manipulate graphs and models, supporting conceptual understanding and active 

exploration. The following student reflections illustrate this experience:  

FGD Quote: 

"GeoGebra helped me see the concepts more interactively. It was easier to understand 

graphs and models that were hard to picture on paper." 

 

Reflective Journal: 

"GeoGebra made abstract ideas more tangible. But sometimes, I didn’t have access to a 

computer, so I missed out on using it." 

 

These responses highlight both the advantages and limitations of technology integration. 

Students valued GeoGebra for its ability to translate abstract mathematical ideas into 

visual and interactive formats, which facilitated deeper comprehension. However, 

access issues remained a concern. Some students could not fully engage with the 

technology due to limited digital infrastructure, suggesting inequities in access and 

digital readiness. Addressing this gap requires institutional investment in technological 

resources and training, ensuring that all learners can benefit equally from digital tools 

in mathematics education (Azevedo & Gašević, 2019; Molenaar et al., 2023). 

The qualitative findings offer valuable perspectives on how deep learning strategies 

shape student engagement, collaboration, self-regulation, and conceptual 

understanding. Data from focus group discussions, reflective journals, and interviews 

reinforce the quantitative patterns, showing increased participation, deeper 

comprehension, and heightened metacognitive awareness. Student responses revealed 

meaningful learning shifts, though challenges with complex tasks and limited access to 

digital tools remained. These insights affirm the role of learner-centered environments 

in fostering cognitive depth and active involvement (Banihashem et al., 2022; Fredricks 

et al., 2016; Panadero et al., 2021). Research by Molenaar et al. (2023) highlights the 

importance of balancing structured guidance with autonomy to strengthen learning 

outcomes. Thoughtful implementation of deep learning practices can transform 

mathematics education into a more reflective and empowering experience. 

 

D. CONCLUSION AND SUGGESTIONS 

The findings of the study confirm the substantial impact of deep learning strategies on 

student engagement, conceptual understanding, and problem-solving abilities in mathematics 

education. Quantitative and qualitative data consistently highlight that active learning, 

collaboration, and inquiry-based methods enhance comprehension and participation. Elevated 

scores in Cognitive Engagement and Conceptual Understanding illustrate a clear shift from 

memorization to meaningful learning. These results reflect environments where students 

engage critically and construct deeper connections with mathematical content. 

Moderate performance in problem-solving and self-regulation indicates ongoing 

challenges. Student reflections reveal a need for structured scaffolding and clearer strategies to 

strengthen autonomy and persistence. Technological tools like GeoGebra contributed to 

improved understanding, though limited access hindered consistent use. Instructional 
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practices should prioritize step-by-step support for complex tasks, guided activities for self-

regulation, and structured group work with defined roles. Improved technological 

infrastructure will ensure inclusive access to resources and optimize the benefits of deep 

learning strategies across diverse learning contexts. 
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