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ABSTRACT 

This study reviewed the implementation of deep learning through discovery learning on the 

future value of annuity topic in senior high school mathematics, addressing Indonesia’s 

low PISA and OECD numeracy scores. Deep learning, grounded in the principles of 

meaningful, mindful, and joyful learning, is considered a promising approach to strengthen 

students’ conceptual understanding. This study aims to (1) analyze the implementation 

profile of deep learning by a model teacher on the future value of annuity topic, and (2) 

examine how learning activities support students’ conceptual understanding. A qualitative 
descriptive approach with a classroom-based study design was employed. The subject was 

a model teacher implementing on the topic of the Future Value of Annuity in a Grade XI 

class at a public senior high school in East Java. Data were collected through classroom 

video recordings and analyzed using lesson transcripts and student worksheets from three 

students representing high, moderate, and low ability levels, selected based on diagnostic 

assessment results. The analysis was conducted using the seven indicators of conceptual 

understanding proposed by the NCTM. Results show the teacher successfully integrated 

the three deep learning principles. In the opening activity, the teacher built readiness 

through contextual apperception and motivation. In the core activity, discovery learning 

enabled students to actively construct understanding of pranumerando and postnumerando 

through problem identification, data collection, processing, verification, and group 

presentation. Differentiated instruction based on diagnostic assessment and individual 

scaffolding supported students across ability levels. However, reflection and closing 

activities could not be completed due to time constraints from student mobilization 

between rooms. Overall, deep learning through discovery learning on the future value of 

annuity topic created active, contextual, and student-centered learning that strengthened 

students’ conceptual understanding. 
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PRELIMINARY 
Teachers play a crucial role in determining the quality of mathematics learning, as their 

pedagogical competence influences students’ academic achievement (Barut et al., 2021; Nugraheni 

& Jailani, 2020). Teachers not only convey content but also design learning experiences that foster 

students’ ability to understand concepts in depth and relate knowledge to relevant contexts 

(Hino & Funahashi, 2022; Kooloos et al., 2022). Consequently, teachers’ ability to 

implement deep learning approaches is a crucial factor in supporting students’ conceptual 

understanding (Güç & Kollosche, 2022). One approach focused on deep conceptual 

understanding, where students do not merely memorise concepts, is the deep learning 

approach (Fawzia & Karim, 2024). The urgency of implementing this approach is further 

underscored by assessments such as PISA 2022, which indicate that Indonesian students’ 

mathematical abilities still need to be improved (OECD, 2022). 

PISA study results show that Indonesian students’ numeracy scores reached only 

366, far below the OECD average of 480. Furthermore, this achievement also lags behind 

several countries in the Southeast Asian region, such as Singapore with a score of 575, 

Vietnam 469, Malaysia 409, and Thailand 394 (OECD, 2022).This situation serves as both 

a driving force and a challenge for teachers to innovate in their teaching approaches, not 

merely to convey knowledge, but also to foster a deeper and more meaningful conceptual 

understanding in students. One approach considered capable of addressing this challenge is 

deep learning. This approach is grounded in three interrelated pillars: meaningful, mindful, 

and joyful, which together form a holistic learning experience (Azzahra & Jaya, 2025). 

Furthermore, compared to conventional approaches that focus on rote memorization, deep 

learning also emphasizes a contextual approach and encourages students to think critically 

and be able to solve various problems (Kemendikdasmen, 2025). Consequently, one of the 

skills that has the potential to develop through the implementation of deep learning is 

students’ understanding of mathematical concepts 

Understanding mathematical concepts refers to a student’s ability to grasp the 

meaning of a concept, identify its characteristics, rephrase the concept in their own words, 

and relate it to other mathematical concepts (Kilpatrick et al., 2001; Komarudin et al., 

2023). Mathematics learning uses conceptual understanding as the foundation for solving 

problems logically, meaningfully and systematically, rather than merely memorising 

formulae (Hermaya & Hendrayana, 2025; Kilpatrick et al., 2001). Therefore, in 

mathematics learning, planning is necessary to ensure that students not only obtain the 

final answer but also understand the reasoning behind the problem-solving process. 
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Deep learning and conceptual understanding are closely linked, as they enable 

students to explore concepts through questioning, discussion and reflection, and to apply 

them in everyday life (Hattie & Donoghue, 2016). Through meaningful, learner-centred 

inquiry activities, deep learning encourages students to explore ideas, form opinions, and 

construct understanding based on their learning experiences (Kemendikdasmen, 2025; 

Mystakidis, 2021). Furthermore, students are encouraged to link their existing knowledge 

with new concepts and real-life contexts, thereby forming stronger connections between 

concepts (Gianto et al., 2026; Kilpatrick et al., 2001). Thus, deep learning supports 

students in gaining a deeper understanding of concepts, not merely acquiring information, 

but also actively connecting and applying knowledge (Gianto et al., 2026; Mystakidis, 

2021). 

The topic of the final value of an annuity forms part of financial mathematics and 

relates to the accumulation of a series of periodic payments at the end of a specific period. 

An annuity is a series of fixed payments or capital receipts made at regular intervals over a 

specific period (Santoso & Noormandiri, 2023). This topic links several concepts 

previously studied by students, namely compound interest and geometric sequences, and is 

often considered difficult. Based on initial research observations, students find the topic of 

the final value of an annuity difficult because it is a new topic and is rarely studied at 

senior secondary school level; students often make mistakes in distinguishing between the 

final value of an annuity before and after the payment date.  

The topic of the final value of an annuity is closely related to everyday life and 

therefore requires a deep understanding of the concepts, rather than merely being taught 

the formulae. Consequently, the topic of final interest value at senior secondary school 

level requires a deep learning approach to help students understand the concepts more 

thoroughly (OECD, 2022; Santoso & Noormandiri, 2023; Surven et al., 2022). The 

application of deep learning to the topic of interest can be implemented through real-life 

problem-solving scenarios. Furthermore, through discussions, video simulations and group 

activities, learning becomes more active and engaging. Consequently, through deep 

learning, students are not only able to perform calculations but also gain a deeper 

understanding of the concepts (Azzahra & Jaya, 2025; Hattie & Donoghue, 2016). 

Numerous studies on deep learning have been conducted, particularly regarding the 

enhancement of learning engagement, critical thinking skills, and conceptual 

understanding. However, research specifically examining the implementation profile of 

deep learning in the topic of Future Value of Annuities at the high school level remains 
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limited. Usman & Husniati, (2025) and Firdausy et al. (2023) noted that while research on 

student’s profile and teachers’ classroom management has advanced, it has not yet 

addressed the profile of deep learning in financial mathematics, specifically the future 

value of an annuity, making further investigation necessary. This research gap provides an 

opportunity for researchers to describe how teachers design, implement, and reflect on 

deep learning to support students’ conceptual understanding. Based on this background, it 

is important to conduct research to examine the profile of deep learning implementation in 

the topic of the Future Value of Annuities. The research focuses not only on how teachers 

implement learning but also on how learning activities support high school students’ 

conceptual understanding. This study is expected to contribute to the development of 

mathematics learning that is more meaningful, reflective, contextual, and student-centered. 

A number of researchers have conducted studies on teacher profiles. Research on 

classroom management profiles in mathematics has been carried out by (Aprilia et al., 

2024 Azizah et al., 2024; Firdausy et al., 2023). Furthermore, research on teachers’ 

readiness profiles for the implementation of the Merdeka Curriculum has been carried out 

by (Nisak & Yuliastuti, 2022). Whilst studies on teachers’ statistical literacy profiles, 

mathematical reasoning profiles, and difficulty level profiles have been conducted by 

(Andriatna et al., 2021; Nisak & Yuliastuti, 2022; Sufa, 2022; Zuhri & Purwosetiyono, 

2019). Furthermore, research analysing the needs for deep learning has been carried out by 

(Dalia et al., 2025) (Dalia et al., 2025) . Furthermore, research on deep learning to support 

mathematics learning has been carried out by (Dalia et al., 2025; Maulidya et al., 2025). 

However, studies relating to the implementation profile of deep learning, particularly 

regarding the topic of the final value of an annuity, have not been extensively conducted. 

Therefore, based on this background, this study aims to:. Therefore, based on this 

background, this study aims to: 

1. Analyze the profile of deep learning implementation carried out by model teachers on 

the topic of the Future Value of an annuity 

2. Examine how the learning activities carried out can support high school students’ 

conceptual understanding of the Future Value of Annuities material. 

 

METHODS 

This study uses a descriptive qualitative approach with a classroom-based study 

design focused on the learning process, student activities, and forms of conceptual 

understanding that emerge naturally and contextually during instruction (Huda & Marzal, 
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2026). This design was chosen because the research questions require in-depth observation 

of natural classroom phenomena rather than experimental manipulation. The research 

procedure consisted of three stages: (1) planning, which included developing observation 

instruments; (2) data collection, conducted during one learning session for 84 minutes 

recorded on video; and (3) data analysis, which involved transcripts and student 

worksheets against the seven NCTM indicators. The researcher acted as a non-participant 

observer throughout the session. Data analysis followed the Miles et al. (2014) interactive 

model, comprising data reduction, data display, and conclusion drawing. Trustworthiness 

was established through data triangulation by cross-checking three data sources: video 

transcripts, student activity sheets (SAS), and field observation. The subject was a model 

teacher (referred to as AT) who implemented deep learning on the topic of the Future 

Value of Annuity in a Grade XI class at an urban public senior high school in East Java. 

AT was selected based on the criteria of having implemented deep learning in mathematics 

instruction and having completed a structured lesson plan aligned with deep learning 

principles. The class consisted of 36 students whose learning activity sheets (SAS) served 

as supporting data to examine how the implemented learning activities supported students' 

conceptual understanding. For in-depth analysis of conceptual understanding, three student 

representatives were selected based on diagnostic assessment results, representing high, 

moderate, and low ability levels, who had studied prerequisite material (sequences and 

series, simple interest, and compound interest). Data collection techniques included 

observation using a structured observation, analysis of video transcripts of learning 

sessions, and a review of student activity sheets (SAS) as instructional materials. Students’ 

conceptual understanding was assessed based on the National Council of Teachers of 

Mathematics (NCTM) indicators, namely: 1) defining concepts verbally and in writing; 2) 

providing examples and non-examples; 3) using various diagrams, models, and symbols to 

represent concepts; 4) transforming one form of representation into another; 5) 

understanding the meaning of the concept; 6) identifying the properties and conditions of 

the concept; and 7) distinguishing between different types of concepts (Khusna et al., 

2021). 

 

RESULT AND DISCUSSION 

During the planning stage, the teacher established three learning objectives: 

students can accurately explain the difference between the concepts of the future value of 

pre-numerando and post-numerando interest accurately, students can derive the formulas 
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for the future value of an annuity due and an annuity payable using the concepts of 

compound interest and geometric sequences, and students can apply the concepts of the 

future value of an annuity due and an annuity payable to solve contextual problems. The 

problems addressed were selected because they are relevant to students’ daily lives, as 

mathematics learning needs to develop the ability to understand concepts, construct 

knowledge, and apply it in contextual situations (Marwiyah & Wardani, 2024). 

Assessments are comprehensively designed, including a pre-instructional diagnostic 

assessment to determine students’ readiness for prerequisite material such as sequences 

and series, simple interest, and compound interest, as well as a formative assessment at the 

end of the lesson in the form of an essay-style quiz and reflection. The results of the 

diagnostic assessment serve as the basis for grouping students and adjusting the level of 

scaffolding in the Student Activity Sheet (SAS). 

The SAS is structured based on the discovery learning syntax with content 

differentiation through the provision of scaffolding according to student ability. As stated 

by (Hadiyani et al., 2025), "students with low ability will receive more guidance, students 

of average ability will receive less guidance, and high-ability students will be given the 

least amount of guidance." Student grouping is also based on the results of the diagnostic 

assessment so that group discussions proceed according to each student’s capacity. During 

the discussion, students collaboratively work on the Student Worksheet (Lembar Aktivitas 

Murid (LAM)), starting from analyzing the differences between pre-numerando and post-

numerando interest rates, constructing interest rate table patterns, to deriving the final 

interest value formula using a geometric sequence. The presentation session is also d 

esigned to allow students to communicate their work results and receive feedback. 

The entire lesson plan integrates three principles of deep learning: meaningful 

learning through relevant problem contexts and diagnostic-based LAM; mindful learning 

through prompting questions that encourage students’ active engagement in the thinking 

process; and joyful learning through collaborative discussions, instructional videos, and 

expressive presentation sessions. 

Implementation of Deep Learning in the Classroom 

Based on the results of observations and analyses of transcripts and teaching modules, the 

implementation of deep learning by model teachers in the topic of “Future Value of 

Annuity” can be broken down into the following three stages. 
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1. Introductory Activities 

The teacher presents an aperseption: “Before we dive into the interest material, let’s 

recall what we learned yesterday?”; “What is the difference between simple interest 

and compound interest?”; “Yesterday we learned to derive the formula for the future 

value of compound interest, what is the formula?”; “To determine the compound 

interest formula, what series do we use? Geometric, right? Arithmetic is different”; 

“Then, what is the formula for present value?”; “In the previous session, we also 

learned about the parameters of compound interest: interest rate and period. Now, let 

me ask: suppose I want to save money and have two bank options with the same 

interest rate and the same principal, but the difference is that Bank A pays interest 

monthly while Bank B pays annually. Which one should I choose?” To introduce the 

material, the teacher provided an overview of interest: “Earlier, the initial principal 

was paid just once upfront. What if, for example, the principal is paid multiple times 

over the same period with the same amount?”; “So, if the principal is provided 

regularly, with the same amount, the calculation works like this: the initial principal is 

used, then in the second period, the initial principal is added again, and the total is 

compounded; after that, the initial principal is added again and compounded, and so 

on. That is what we will learn, compound interest.” 

The next activity involved the teacher providing motivation: “Why do we need 

to learn about interest? You’ve probably heard of things like phone loans or motorcycle 

loans. If we use an interest-based system where we pay in installments, we’ll eventually 

realize that the total amount we end up paying is much higher. Yet if we choose to pay 

it off upfront, we wouldn’t have to pay nearly as much. So, the lesson here is that if we 

want to buy something, we should save up first and pay it off upfront.” 

At the end of the opening activity, the teacher explains the learning objectives: 

“So, our learning objectives for today are for you to be able to accurately distinguish 

between the concepts of the future value of an annuity using the ‘pranumerando’ and 

‘postnumerando’ methods. Then, to derive the formulas for the future value of an 

annuity using the ‘pranumerando’ and ‘postnumerando’ methods by applying the 

concepts of compound interest and geometric sequences. And to apply the concepts of 

the future value of an annuity using the ‘pranumerando’ and ‘postnumerando’ methods 

to solve contextual problems.” 
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2. Main Activity 

This phase is the core of Deep learning combined with Discovery Learning, 

where students construct their own understanding of the concepts regarding the 

difference between the future values of and derive the formula for the future value of an 

annuity using geometric series patterns. 

Learning Experiences: Understanding 

The core activity begins with providing a learning experience focused on 

understanding through several activities, the first being the presentation of a stimulus. 

In this activity, the teacher presents a problem as a stimulus. In addition to asking 

students to understand the problem, the teacher also asks them to identify the differences 

in the problems presented in the cases, how to calculate the total savings, and to make 

a tentative guess regarding which savings account will have the larger total. “What is 

the main difference between the two interest systems in the cases above? How do you 

determine the total amount of money at the end of the period (future value) for the older 

sibling’s and younger sibling’s savings? In your estimation, which savings account 

yields a larger future value? Explain your reasoning!” The next activity is data 

collection, where the teacher shows a video to help students construct their 

understanding through LAM. After the video finishes playing, the teacher ensures 

students’ understanding of the video: “Do you understand?” A student asked why the 

formula wasn’t shown in the video: “Teacher, the formula isn’t there.” The teacher 

explained that the students would discover the formula themselves: “...please open the 

formula on page four. You’ll find the formula there… I didn’t give you the formula right 

away so you’d understand where it comes from.” A student asked based on the video 

shown, “Why can’t the postnumerando interest, the very last payment (the final deposit 

doesn’t earn interest), be calculated?” The teacher didn’t answer immediately but 

instead tried to pose a question to the students: “Does anyone know the answer?” A 

student replied, “Because it’s like closing the book, Ms. At the end.” The teacher then 

provided feedback on the student’s answer: “Correct… suppose I save at the end of 

each period for five months… in the fifth month, I’ve already withdrawn the savings. Is 

there a chance for interest No, right?” The teacher did not provide the answer 

immediately but gave the student an opportunity to think, connect with their own 

experiences, and build their own understanding through a prompting question. The 

teacher uses scaffolding by posing questions to the students, thereby fostering a process 

of reflection and active engagement in learning, where knowledge is constructed by the 

students themselves through experience and learning interactions within a social context 

(Vygotsky, 1978). 
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Learning Experience: Application 

The next stage of deep learning begins with data processing activities that 

include several tasks. The first activity involves students constructing the difference in 

final interest values between the pre-numerando and post-numerando terms using a 

table. During the data processing activity, the teacher acts as a facilitator, providing 

individualized scaffolding to each student. The Student Activity Sheets distributed and 

the discussion groups formed during the lesson have been differentiated based on 

students’ readiness levels, as determined by diagnostic assessments, to facilitate the 

provision of scaffolding (Insani et al., 2023). Diagnostic assessments used as the basis 

for designing differentiated instruction can help teachers adapt responsive and adaptive 

teaching approaches to meet students’ needs (Febrianti et al., 2025). 

Reflecting on the Learning Experience 

The summary activity was not carried out because the learning time had run 

out. This activity should have involved summarizing all the concepts learned that day 

and reinforcing them by the teacher. The reflection and summary stages in learning 

play a crucial role in strengthening students’ conceptual understanding, as this process 

encourages students to integrate the various knowledge gained during the lesson into a 

cohesive understanding(Afidati & Malasari, 2023). Without this stage, there is a risk 

that the knowledge acquired by students may not be connected to one another (Azzahra 

& Jaya, 2025; Pujawati et al., 2025). 

3. Closing Activities 

In the written teaching module, the closing activities included a formative 

assessment quiz in the form of essay questions, personal and peer reflections, and the 

provision of a plan for what students would study next. However, the closing activities 

could not be carried out due to time constraints and student mobilization issues. 

Students’ Conceptual Understanding of the Future Value of Annuity 

1. Concept Understanding of Students with High Concept Understanding Abilities 

a. Defining concepts verbally and in writing 

Figure 1. Students with High Conceptual Understanding in Defining Concepts 
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Based on Figure 1, student with high conceptual understanding ability 

explained “With a pre-numerando interest, payments are made at the beginning of 

the month, resulting in a higher total amount because interest accumulates until the 

end of the period. In the case of a post-numerando interest, payments are made at 

the end of the month, and the total amount is lower than that of a pre-numerando 

interest because no interest accumulates at the end.” Student only mentioned the 

general differences between pre-numerand interest and post-numerand interest and 

did not include mathematical notation, symbols, or formulas. This finding is 

consistent with Latifa et al. (2025), who argued that conceptual understanding and 

mathematical representation are closely related but do not develop automatically. 

Students may demonstrate conceptual understanding through verbal or written 

explanations even when they have not yet expressed the concept using mathematical 

symbols, diagrams, or other representations. 

b. Providing examples and non-examples 

Figure 2. Students Excel at Providing Examples and Counterexamples 

Based on Figure 2, the student has provided a calculation showing that the 

numerator yields a larger future value than the denominator. This indirectly positions 

the numerator as an example of a profitable interest rate and the denominator as a 

non-example (a comparator with a smaller value). Therefore, the student meets the 

indicator for providing examples and non-examples. This finding is in accordance 

with Yani et al. (2019) that in the indicator of providing examples and non-examples 

of a concept, high-ability students have been able to do it well. 

c. Using various diagrams, models, and symbols to present concepts 

Based on Figure 2, it is shown that the student wrote down a representation 

for each deposit in both cases of the problem and that the calculations are correct. 

This indicates that the student meets the indicator of using various diagrams, 

models, and symbols to present concepts. These findings are consistent with those 

of Setyo et al. (2025), that students with higher mathematical ability have more 

effective reasoning in solving diagrams, models, and symbols. 
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d. Converting one form of representation into another. 

Figure 3. Student’s Representation of a Geometric Series in Another Form 

Figure 3 shows that the student was able to represent the sum of each 

installment in another form by relating it to the concept of a geometric sequence. 

The student successfully transformed the representation from a form of repeated 

addition into a general mathematical formula that can be used to calculate the final 

interest value at any period. This finding is in accordance with Nurilla, (2022) that 

high-school students with high logical-mathematical intelligence can identify 

patterns, use them to determine the next term, and formulate general formulas to 

solve problems. Therefore, the student met the indicator of converting one form of 

representation into another. 

e. Understanding the meaning of the concept 

Figure 4. High-Achieving Students in Understanding the Meaning of the 

Concept 

Based on Figure 4, the student has demonstrated an understanding of the 

meaning of the concept. In question number 3, the student only wrote, “because 

the money was deposited earlier, so it earns interest for a longer period,” without 

explaining mathematically why this affects the future value. This finding is in 

accordance with Kurnia et al. (2024) that high ability students understanding 

mathematical concepts. Therefore, this sufficiently meets the indicator of 

understanding the meaning of the concept of the future value of interest, both the 

numerator and denominator. 
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f. Identifying the properties and conditions of a concept 

Based on Figure 4, the student was able to state the properties of the future 

values of the pre-numerando and post-numerando interest. Therefore, the student 

meets the indicator of stating the properties and conditions of a concept. 

g. Distinguishing between different types of concepts 

Based on Figure 2 and Figure 3, students are able to distinguish between the 

future values of an annuity due and an annuity payable. Therefore, students meet 

the indicator of distinguishing various types of concepts 

2. Concept Understanding of Students with Moderate Concept Understanding 

Abilities 

a. Defining concepts verbally and in writing 

 

Figure 5. Students with Moderate Conceptual Understanding in Defining 

Concepts 

Based on Figure 5, student with moderate conceptual understanding explained, 

“Prenumerando refers to payments made at the beginning of each period. Because 

each deposit starts earning interest immediately, the final accumulated value is 

higher. The last deposit still earns interest for one full period, allowing every 

contribution to have the maximum time to grow. Postnumerando refers to payments 

made at the end of each period. Since deposits begin earning interest later, the final 

accumulated value is lower. The last deposit does not receive any additional interest, 

resulting in reduced growth potential compared to prenumerando.” Student only 

mention the differences and have not yet provided definitions of the concepts of the 

future value of an annuity due and an annuity payable. This finding is in accordance 

with (Kurnia et al., 2024) that that students with average ability have not yet reached 

their full potential in explaining a concept in depth. Therefore, students have not met 

the indicator of conceptual understanding regarding defining concepts verbally and 

in writing 
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b. Providing examples and non-examples 

 

Figure 6. Students with Moderate Ability in Providing Examples and Non-

examples 

Based on the figure 6, the student has not yet been able to provide examples and 

non-examples of the future values of pre-numbered and post-numbered interest. 

This is evident in the error made by the student when entering the months in the 

compounding frequency for the younger and older siblings’ savings accounts. The 

error indicates that the student has not yet been able to distinguish between the future 

values of pre-numbered and post-numbered interest. These findings are consistent 

with Ratnayanti et al. (2021), which showed that students still make errors regarding 

the ability to provide examples and non-examples of a concept, as evidenced by their 

provision of inappropriate or incomplete examples, or even their inability to 

distinguish between examples and non-examples of a concept. Therefore, the student 

has not met the indicator for providing examples and non-examples 

c. Using various diagrams, models, and symbols to present concepts 

Based on the figure 6, it is shown that the student wrote down the representation 

for each deposit in both cases of the problem and the calculations are correct. This is 

consistent with Budiarty & Utomo, (2024), who found that students with moderate 

ability are capable of creating appropriate representations through both visual and 

symbolic means. This indicates that the student meets the indicator of using various 

diagrams, models, and symbols to present concepts. 
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d. Converting one form of representation into another 

Figure 7. Student’s Representation Converted into Another Form 

Based on Figure 7, the student is able to represent the sum of each installment 

in another form by relating it to the concept geometric series. According to a study 

by Sri Wahyuning and Utami, (2024), when studying sequences and series, students 

with moderate ability can use mathematical symbols to construct formulas. 

Therefore, the student meets the indicator of converting one form of representation 

into another. 

e. Understanding the meaning of the concept 

Figure 8. Students Understanding the Meaning of the Concept 

Based on Figure 8, the student has demonstrated an understanding of the 

meaning of the concepts of the future value of the prenumerando and 

postnumerando interest, as seen in the answer to question number 3: "The larger 

future value of the pre-numerand is influenced by the frequency of interest at the 

beginning of the period when the interest has already started accruing." 

Additionally, the formulas written by the student are reversed; the formula written 

for the pre-numerando is actually the post-numerando formula, and vice versa. 

Students with moderate conceptual understanding have not met the indicator 

because, whilst they are often able to follow specific procedures, they still fail to 

meet the indicator requiring an understanding of conceptual relationships and their 

correct application (Lefrida, 2024). Therefore, the student has not met the indicator 

of understanding the meaning of the concept 
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f. Identifying the properties and conditions of a concept 

Based on Figure 5, the students were able to identify the properties of the 

respective final values of the pre-numerando and post-numerando annuities. 

Therefore, the students met the indicator of identifying the properties and conditions 

of a concept. This is in line with the research by Lefrida, (2024), which found that 

students with moderate conceptual understanding are generally able to identify the 

attributes and characteristics of a concept, although they are not yet fully able to 

explain the relationships between concepts in depth.. 

g. Distinguishing between different types of concepts 

Based on Figure 5 and Figure 8, students with moderate conceptual 

understanding are able to distinguish between the final values of pre-numerando and 

post-numerando annuities. Therefore, the students meet the indicator of 

distinguishing between different types of concepts. This is in line with the research 

by Mayasari and Habeahan (2021), Mumtazah and Triyana (2025), Nuraini and 

Imami (2025), which found that students in the moderate ability category are 

generally able to meet most of the indicators of conceptual understanding, including 

those relating to classifying or distinguishing concepts. Students in the moderate 

ability category were reported to have mastered between three and five of the six 

indicators of conceptual understanding. 

3. Concept Understanding of Students with Low Concept Understanding Abilities 

a. Defining concepts verbally and in writing 

Figure 9. Students with Low Concept Understanding in Defining Concepts 

Based on Figure 9, students with low conceptual understanding 

ability explained “Pranumerando: Pay at the beginning; the final deposit still earns 

interest for one period; every rupiah has a maximum growth period; the final return 

is higher Postnumerando: Pay at the end of the period; the final deposit does not 

earn interest; the final return is lower; growth potential”. Student only mention the 

differences and have not provided definitions of the concepts of the future value of 
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an annuity due and an annuity payable. This is consistent with the findings of 

Surven et al. (2022), which show that low conceptual understanding is 

characterised by students’ inability to restate the definition of a concept. This 

situation arises because students have understood some of the ideas, but not 

sufficiently to arrive at the correct definition or result (Burfitt, 2021). Therefore, 

students have not met the indicator of conceptual understanding regarding defining 

concepts verbally and in writing. 

b. Providing examples and non-examples 

Figure 10. Students Low Performance in Providing Examples and Non-

examples 

Figure 10 illustrates the errors made by students when entering the number of 

months for the compounding frequency in the younger and older siblings’ savings 

accounts. These errors indicate that the students are not yet able to distinguish 

between the final values of the pre-numerando and post-numerando interest. 

Consequently, the students have not yet met the indicator of being able to identify 

examples and non-examples. This may occur because students are accustomed to 

teacher-centred learning, which focuses on formulas and routine examples without 

emphasising the origins and conditions of the concepts. Furthermore, due to limited 

teaching time, the transition to symbolic operations is too rapid before the definitions, 

characteristics, and comparisons of examples and non-examples have been firmly 

established (Guler & Tarim, 2024). 

c. Using various diagrams, models, and symbols to present concepts 

Figure 10 shows that the student did not write the exponent for the third 

term in either case, even though the calculation was correct. Consequently, 

students with a low level of conceptual understanding have not yet met the 

indicator of using various diagrams, models and symbols to represent concepts. 

This may be because students are accustomed to quick, routine problem-solving 

rather than exploring the meaning of symbols, the relationships between forms of 
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representation, and the context of the problem (Johar & Lubis, 2018; Sari et al., 

2025). 

d. Converting one form of representation into another 

Figure 11. Student’s Representation Converted into Another Form 

Figure 11 shows that students are able to represent the sum of each term in a 

different form by relating it to the concept of a geometric sequence. Therefore, 

they meet the indicator of converting one form of representation into another. 

Students with a low level of conceptual understanding are able to meet the 

indicator because there are ‘partially correct constructs’, knowledge that is partly 

correct but gives a misleading picture of the concept and leads to inconsistent 

answers, so that sometimes they are able to do so and sometimes they are not (Ron 

et al., 2017). 

e. Understanding the meaning of the concept 

Figure 12. Students with Low Performance in Understanding the Meaning of 

the Concept 

As shown in Figure 12, students with low conceptual understanding ability 

explained “Prepayment, because payment is made and received upfront with higher 

interest installments”. The students have not provided a complete explanation for 

question three. They should have explained their reasoning in greater detail. 

Furthermore, the reason the final value of the annuity is greater is because it is 

compounded more frequently, not because it runs for a longer period. 

Consequently, the students have not met the indicator of understanding the meaning 

of a concept. This is consistent with the research by May (2024) and Novita et al. 
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(2025), which found that students with low conceptual understanding tend to be 

able to provide answers or state certain facts, but struggle to explain the reasoning 

behind those answers because they do not yet understand the relationships between 

ideas and the principles that form a concept. Consequently, their knowledge 

remains procedural in nature and has not yet reached a deep conceptual 

understanding. Therefore, students have not yet met the indicator of conceptual 

understanding, which is knowing the meaning of a concept. 

f. Identifying the properties and conditions of a concept 

Based on Figure 9, the students were able to state the properties of the 

respective final values of the pre-numerando and post-numerando interest rates. 

Therefore, the students met the indicator of stating the properties and conditions of 

a concept. Students with low conceptual understanding are able to meet the 

indicators because there are both light and heavy indicators; students (including 

those with weaker abilities) can still restate the concept or explain its basic 

properties, but fail on other indicators such as classifying objects, using 

procedures, or developing the conditions of the concept (Rahmawati & Roesdiana, 

2022). 

g. Distinguishing between different types of concepts 

Based on Figure 9 and Figure 12, students are able to distinguish between 

the final values of the ‘pranumerando’ and ‘postnumerando’ annuities. Students 

with low conceptual understanding are able to meet the indicators because students 

with low ability may only meet the classification indicator, whilst other indicators 

(representation, conceptual relationships, necessary and sufficient conditions) have 

not yet been achieved (Kurnia et al., 2024). Therefore, students meet the indicator 

of distinguishing between various types of concepts. 

Implementation of the Principles of Meaningful, Mindful, and Joyful Learning. 

Meaningful learning is evident in the third opening activity where the teacher 

provides an apersepsi. The apersepsi activity aligns with the principle of meaningful learning 

because it connects previously learned material with new material to be studied, making the 

learning more meaningful and easier for students to grasp (Azzahra & Jaya, 2025; Hattan et 

al., 2023). Meaningful learning is evident in the problem example used by the teachers, 

namely the savings between an older sibling and a younger sibling. The savings problem is 

closely related to the students’ daily lives, thereby encouraging them to apply their 
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knowledge in real-life situations (Kemendikdasmen, 2025). Additionally, the teachers 

designed learning materials and organized discussion groups based on the initial assessment, 

demonstrating the application of the meaningful learning principle. Learning activities 

designed based on initial learning assessments constitute the application of the meaningful 

learning principle (Kemendikdasmen, 2025). 

The presentation of learning objectives aligns with the principle of deep learning, 

specifically "mindful" (conscious), as students become aware of what they will achieve 

(Albina & Pratama, 2025; Azzahra & Jaya, 2025; Bordunos et al., 2024; Lestariningsih, 

2022; Nurrahmawati et al., 2024; Rocane & Samusevica, 2023; Sewagegn, 2020). According 

to the Kemendikdasmen (2025), students knowing what they will achieve is an application 

of the mindful learning principle. Conscious learning is applied when a model teacher 

motivates learning by relating it to real-life examples, such as cell phone and motorcycle 

loans, and conveying the lesson that saving is better than paying off loans. Learning 

motivation aligns with the principle of meaningfulness because it connects the concepts to 

be learned with students’ lives, thereby sparking their interest in learning (Polman et al., 

2021; Zebua, 2025). According to the Kemendikdasmen (2025), activities that demonstrate 

the benefits of students’ learning outcomes constitute mindful learning. The principle of 

engagement is evident in the teacher’s activities of providing stimuli, posing probing 

questions, and identifying problems related to the future values of pre-numerando and post-

numerando interest. These activities constitute the implementation of the mindful learning 

principle, as they guide students to engage in discussion and exploration (Kemendikdasmen, 

2025). Additionally, the process of independently identifying problems is a key 

characteristic of mindful learning that encourages students to actively and consciously 

engage in the thinking process, rather than merely passively receiving information (Pujawati 

et al., 2025; Ricita et al., 2025). 

The principle of joyful learning is evident in group discussion activities and 

presentations. These activities demonstrate that teachers provide opportunities for students 

to interact with one another, stimulate students’ personal thinking, and engage in discussions. 

Additionally, joyful learning is evident in the instructional videos created by teachers. 

Through these videos, interaction occurs between students and the learning material; 

furthermore, the act of watching the videos sparks students’ interest in the subject matter 

being studied (Kemendikdasmen, 2025). 

The principle of conscious learning occurs when students are aware of their role as 

active learners and know what they are about to learn. This supports the process of 



 

 

 

578 Profile of Deep Learning Implementation to Support High School Students' Conceptual 

Understanding of The Future Value of Annuity 

conceptual understanding, making it more effective (Azzahra & Jaya, 2025; Pujawati et al., 

2025). Furthermore, meaningful learning supports students in addressing contextual 

problems and discovering formulas, thereby enhancing their conceptual understanding, as 

understanding built through independent discovery is deeper and more enduring (Mawaddah 

& Maryanti, 2016). Additionally, the process of meaningful learning, where students 

construct their own conceptual understanding, effectively supports the improvement of 

students’ conceptual understanding. Problem-Based Learning, Discovery Learning, and 

constructivist-based learning strategies have consistently been shown to improve students’ 

mathematical conceptual understanding, critical thinking, and active engagement (Saleh, 

2025). Furthermore, the principle of enjoyment reflected in presentation activities also 

supports students’ conceptual understanding. Presenting discussion outcomes in a discovery 

learning setting has been shown to enhance mathematical communication skills and 

strengthen students’ conceptual understanding because, through the process of verbalization 

and justification, students are compelled to restructure their knowledge in a more systematic 

and coherent manner (Pujawati et al., 2025; Mawaddah & Maryanti, 2016). 

Challenges and Strategies in Implementing Deep Learning 

The main challenge faced by the teacher was limited instructional time, which 

resulted in the closing activity not being implemented as planned. This issue was primarily 

caused by the transition of students from the computer laboratory to the classroom, which 

took longer than anticipated. As the teacher reflected,. “...the planning should have been 

sufficient since it was estimated from the core opening to the closing, but there was an 

internal factor: moving students from the lab to the classroom. Perhaps because of the 

mobilization and preparation, it ended up taking longer...” This aligns with findings from 

various studies that the implementation of the deep learning approach in the field still faces 

several challenges, including limitations in planning and implementation time, where the 

differentiation of content, process, and products required for quality learning takes longer 

than conventional learning (Mukhoyaroh et al., 2025). Additionally, the teacher 

encountered challenges with the characteristics of students in the classroom, who were 

quite active, talking and moving around a lot, thus requiring more time during the 

conditioning process. The strategy employed by the model teacher to overcome these 

challenges is to have students engage in self-reflection at home. The teacher provides a QR 

code that students can scan, which contains reflection questions related to the learning that 

has taken place. Thus, the function of reflection as an important part of the learning 

process remains sufficiently fulfilled. 
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CONCLUSION 

This study found that the implementation of deep learning through the discovery 

learning model on the topic of the future value of an annuity supported students’ conceptual 

understanding of mathematics. The results revealed differences in conceptual understanding 

across student ability levels. Students with high conceptual understanding achieved all seven 

NCTM indicators of conceptual understanding. Students with moderate conceptual 

understanding achieved five indicators but experienced difficulties in defining concepts 

verbally and in writing, providing examples and non-examples, and understanding the 

meaning of concepts. Meanwhile, students with low conceptual understanding achieved 

only three indicators and faced difficulties in defining concepts verbally and in writing, 

providing examples and non-examples, using diagrams, models, and symbols to represent 

concepts, and identifying the properties and conditions of concepts. 

These findings suggest that deep learning can facilitate students’ conceptual 

understanding through contextual problem-solving, discussion, and active knowledge 

construction. However, students with lower levels of conceptual understanding still required 

additional support, particularly in developing a deeper understanding of mathematical 

concepts and their representations. Furthermore, the implementation was not fully optimized 

because reflection and concluding activities could not be completed due to time constraints, 

highlighting the importance of effective time management in supporting the complete deep 

learning process. 

This study was limited to one class, and one mathematics topic, which may limit the 

transferability of the findings. Therefore, future research should involve a larger number of 

participants and various mathematics topics to examine the effectiveness of deep learning 

across different learning contexts and student characteristics. 
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