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Abstract

This study aims to describe: (1) the effect of discovery learning model based on differentiated
instruction on students' mathematical concept understanding and self-regulated learning; (2) the
superiority of discovery learning model based on differentiated instruction learning model in terms of
students' mathematical concept understanding; and (3) the superiority of discovery learning model based
on differentiated instruction in terms of students' self-regulated learning. This research is a quasi-
experimental study. The population of this study consisted of all grade X students at State Senior High
School 1 Sape during the first semester of the 2024/2025 academic year. The samples included classes X-
B and X-D, each comprising 39 students. Class X-D served as the experimental group using discovery
learning model based on differentiated instruction (DLDI), while class X-B served as the control group
with the direct instruction learning model (DI). Data collection methods included a mathematical concept
understanding test consisting of four essay questions and a self-regulated learning questionnaire with 16
statements. To determine the effect of the learning models, a two-sample mean vector comparison test
using Hotelling's T2 statistic was employed. Additionally, to assess the superiority of the DLDI model
over the DI model, an independent t-test was used. This analysis also identified the more effective
learning model for each specific skill. The study results indicate that: (1) The DLDI learning model
significantly influences students' mathematical concept understanding and self-regulated learning
simultaneously; (2) The DLDI model outperforms the DI learning model in terms of students'
mathematical concept understanding; and (3) The DLDI model outperforms the DI learning model in
terms of students' self-regulated learning.

Keywords: Discovery Learning Model; Differentiated Instruction; Conceptual Understanding Ability;
Self-Regulated Learning Ability

Introduction

Education plays a vital role in shaping a smart, moral, independent, and responsible generation.
According to the Ministry of Education’s 2022 decree, education is essential for developing a society
based on Pancasila and national goals, aiming to produce individuals who are religious, ethical,
knowledgeable, and capable. Mathematics is a core subject in Indonesian schools as mandated by the
national curriculum. According to Permendikbud No.22 of 2016, mathematics education aims to develop
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students' conceptual understanding, reasoning, problem-solving, and communication skills, as well as to
foster a positive attitude toward the subject.

Understanding mathematical concepts is essential for learning more complex material. According
to Santrock (2018), concept mastery involves identifying, representing, and interpreting mathematical
ideas. NCTM indicators emphasize conceptual clarity through various forms, such as models, definitions,
and comparisons.

Studies show many students struggle with concept comprehension, especially when learning is
time-constrained or focused mainly on rote procedures. This often leads to errors in problem-solving (Hsu
et al., 2021; Insani & Kadarisma, 2020). Students with strong concept understanding are more adept at
recognizing patterns and solving problems efficiently (Radiusman, 2020).

International assessments like PISA reveal concerning trends. In 2022, Indonesia’s performance
in mathematics, reading, and science dropped compared to 2018. Only 28% of Indonesian students
reached the minimum math proficiency level, far below the OECD average of 76%. Indonesia’s average
PISA math score of 379 is significantly below the global average of 479. This highlights the need to
strengthen students' mathematical understanding. National exam data from 2019 supports this concern,
showing that trigonometry and geometry pose particular challenges for students.

Trigonometry is especially difficult for many class X students. Research shows that students often
memorize formulas without truly understanding them (Jatisunda, 2019). This lack of comprehension leads
to confusion when applying formulas or solving real-world problems. One contributing factor to these
difficulties is students’ low learning independence. According to Edi (2018), self-regulated learning
(SRL) — the ability to plan, monitor, and assess one's learning — is crucial for deep understanding. SRL
supports goal-setting, time management, and active engagement. Schunk and Zimmerman (1997) describe
SRL as a proactive learning process involving strategy selection, self-monitoring, and reflection. When
students manage their learning effectively, they are more likely to succeed academically (Schunk &
Ertmer, 2000).

Unfortunately, many Indonesian students still rely heavily on teachers or peers. Studies show that
they use ineffective strategies like rote memorization and struggle with managing their study time
(DiFrancesca et al., 2016). This dependence hinders the development of SRL. To address diverse student
needs, educators are encouraged to adopt differentiated learning — an approach that adapts instruction to
students’ readiness, interests, and learning styles. This method promotes engagement and deeper
understanding (Tomlinson, 2013; Marlina, 2020).

When combined with structured methods like discovery learning, differentiated instruction can
significantly improve learning outcomes. This research investigates the impact of using a discovery
learning model based on differentiated learning to enhance students’ conceptual understanding and self-
regulated learning in trigonometric comparison topics in class X.

Method

This research includes pseudo-experimental research because researchers cannot fully control or
manipulate all relevant variables, except for some of the variables studied. In addition, pseudo-
experiments use classes that already exist, and not all other variables involved in the experiment can be
strictly controlled. Furthermore, this study aims to determine the effect of discovery learning model based
on differentiated learning on students' concept understanding ability and self-regulated learning (SLR). In
this study, two groups of experimental classes were treated based on the discovery learning model based
on differentiated learning (DLDI) and control classes were treated based on classical learning with direct
instruction (DI) model. The place of this research was State Senior High School 1 Sape, with the research
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subjects being class X students in the odd semester of the 2024/2025 academic year which was held from
August 13, 2024 to September 26, 2024 for 6 meetings.

In this study, data were collected through a combination of test and non-test methods. Test data
were obtained from the assessment scores of students' concept understanding and self-regulated learning
skills, which included the results of the pretest and posttest. Meanwhile, non-test data was collected
through self-regulated learning questionnaire. This study used descriptive and inferential analysis
techniques. Descriptive analysis aims to describe learning outcomes based on data collected before
(pretest) and after treatment (posttest) on each observed dependent variable. The data presented includes
the mean, standard deviation, and maximum and minimum values. This analysis is done by comparing the
average score of each variable with the predetermined minimum completeness criteria. In addition, the
learning implementation observation sheet was used to measure the percentage of learning process
implementation at each meeting. Meanwhile, inferential analysis is used to process research sample data
that represents a certain population. This analysis also serves to statistically test the research hypothesis
and answer the research questions that have been formulated. In the analysis process, researchers used
RStudio software to process the data obtained.

Results and discussion
Result
1.Description of Research Data

This study was conducted with the aim to determine the effect of Discovery Learning model
based on Differentiated Learning (DLDI) on the ability to understand mathematical concepts and students'
self-regulated learning. This research was conducted at SMA Negeri 1 Sape in the odd semester of the
2024/2025 academic year. The material presented is related to trigonometric comparison. This research
was conducted from August 13 to September 26, 2024. The results of observations related to the
implementation of learning can be seen in Table 1 below.

Table 1. Observation Results of Learning Model Implementation

Meeting DLDI class DI class

Teacher Student Teacher Student

Activities Activities Activities Activities
1st meeting Pretest Pretest Pretest Pretest
2nd meeting 82% 82% 83% 7%
3rd meeting 91% 84% 90% 83%
4th meeting 95% 95% 95% 95%
5th meeting 100% 100% 100% 100%
6th meeting Posttest Posttest Posttest Posttest

Based on the data presented in Table 1, the highest percentage of learning implementation in both
classes occurred at the fifth meeting, with the percentage reaching 100%. In the first and last meetings,
activities focused on working on the pretest and posttest. The second meeting in the experimental class,
the researcher divided students according to their learning profile into group or individual discussions so
that it consumed enough time. In addition, the researcher also did not have time to direct students to make
conclusions due to time constraints. In the control class, the researcher experienced problems in managing
the class, so did not have time to check the students' attendance or direct them to prepare learning
equipment. The limited time also made researchers unable to convey the material that would be discussed
at the next meeting.
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In the third meeting in the experimental class, the researcher did not have time to provide an
overview of the topics discussed and direct students to summarize important points. Meanwhile, in the
control class, insufficient time caused the researcher to again not be able to convey the material for the
next meeting.

2.Concept Understanding Ability Test Data

This study measured students' mathematical concept understanding using a description test
consisting of 4 questions. The test instrument was applied to both classes, both experimental and control,
and was used in the pretest and posttest. The score for this test is in the range of 0 to 100. The results of
descriptive statistics regarding concept understanding data are shown in Table 2 below.

Table 2. Descriptive Statistics of Concept Understanding Ability Data

Description DLDI class DI Class
Pretest Posttest Pretest Posttest
Ideal maximum score 100 100 100 100
Maximum Value 59.38 96.88 53.13 90.60
Ideal Minimum Value 0 0 0 0
Minimum Value 34.38 59.40 34.38 40.63
Average 45.83 79.57 43.91 67.47
Variance 37.23 109.54 20.48 173.08
Standard Deviation 6.10 10.60 4,53 13.16

Based on the results in Table 2, the average concept understanding score in the DLDI class
(experimental) increased from 45.83 to 79.57, while in the DI class (control) it increased from 43.91 to
67.47. The comparison between the average concept understanding of the two classes shows that the
average value in the DLDI class is higher than the DI class.

3.Self-Regulated Learning Ability Test Data

In this study, students' SRL ability was measured through pretest and posttest data from the SRL
guestionnaire in both classes. Table 3 below provides a statistical summary of students' SRL ability data
for the experimental and control classes.

Table 3. Data Statistics of SRL Ability in Both Classes

Description DLDI class DI Class
Pretest Posttest Pretest Posttest
Learning goal setting 4.410 5.692 4.410 4.487
(55.1%) (71.2%) (55.1%) (56.1%)
Determination of learning strategy 15.103 19.923 15.051 17.949
(53.9%) (71.2%) (53.8%) (64.1%)
Monitoring  learning  objectives  and 7.051 8.564 7.128 7.974
processes (58.8%) (71.4%) (59.4%) (66.5%)
Evaluating  learning  objectives and 9.462 9.615 8.128 8.897
processes (59.1%) (60.1%) (50.8%) (55.6%)
Ideal maximum value 64 64 64 64
Maximum Value 45 50 45 47
Ideal Minimum Score 16 16 16 16
Minimum Value 24 37 25 29
Average 36.026 43.795 35.487 38.538
Variance 22.487 10.317 24.455 17.838
Standard Deviation 4.742 3.212 4,945 4.224
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Table 3 shows that both learning methods successfully improved students' self-regulated learning
(SRL). This can be seen from the average increase in each aspect and overall SRL. In the experimental
class (DLDI), the average increased from 36.026 to 43.795, while in the control class (Dl), the average
increased from 35.487 to 38.538. The data in the table also indicates that the SRL of students learning
with DLDI is better than that of students learning using DI. This is evidenced by the final average of
students’ SRL in the experimental class which is higher than the control class after the treatment is given.

The improvement of SRL can also be seen from the average of each aspect, namely setting
learning goals, determining learning strategies, monitoring learning goals and processes, and evaluating
learning goals and processes. The indicator of determining learning strategies showed the greatest
improvement in both classes. In the experimental class, the average indicator of determining learning
strategies increased by 17.3%, while in the control class it increased by 10.3%. The indicator of
determining learning strategies seems to be the easiest aspect of SRL to develop in learning trigonometry,
both with DLDI and DI learning. In contrast, the indicator of evaluating learning goals and processes
showed the smallest increase in both classes. In the experimental class, the average indicator of evaluating
learning goals and processes only increased by 0.9%, while in the control class it increased by only 4.9%.

The control class experienced an increase of only 4.8%. This shows that the indicator of
evaluating learning goals and processes is more difficult to improve than other aspects of SRL.

Discussion

a.Comparison Test of Two Mean Vectors

The mean vector comparison test aims to evaluate the effect of DLDI learning model on both
abilities simultaneously. Based on the results of multivariate normality test and homogeneity of
population variance-covariance matrix, the test statisticHotelling's T= with significance
levela = 0.05 was used. The results of this test are shown in Table 4 below.

Table 4. Results of Comparison of Two Mean Vectors

Treatment Comparison Test of Two Vector Averages
Hotelling's T* p — value
Before Treatment 2.875 0.238
After Treatment 63.921 1.321x107%

The results in Table 4 show that before treatment,p — value = 0.238 = 0.05 , which

indicates that the learning model has no effect on the ability of concept understanding and self-regulated
learning before treatment. Therefore, the two classes, both experimental and control, have equal abilities.
After the treatment, p — value = 1.321x107* = 0.05, which indicates that there is an effect of the

learning model on the ability to understand concepts and self-regulated learning after treatment. Since the
simultaneous test result is significant, the partial test can be continued.

b. Univariate Test £

Univariate t test is used to identify the effect of superior learning model on each variable
partially. The test statistic used is Independent Sample t — Test with a significance level

ofae = 0.05 . The results of the t test analysis are presented in Table 5 below.
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Table 5.t Test Results

Variable Two Independent Samples Test &
Test £ p — value
Conceptual 4.438 0.0000152
Understanding
Self-Regulated Learning 6.107 0.00000002

Based on the results shown in Table 5, it is known that for concept understanding ability, it is
obtained p — value = 0.0000152 << 0.05. This shows that the DLDI learning model is superior to
the DI  model on concept understanding  ability. For  self-regulated  learning,
obtainedp — value = 0.00000002 < 0.05 , which shows that the DLDI learning model is also

superior to the DI model on the ability of self-regulated learning.

Conclusion

Based on the results of hypothesis testing and discussion described in the previous chapter, the
following conclusions are obtained:

1.The results of the comparison test of two average vectors of posttest data on students' concept
understanding  ability and  self-regulated learning  show the  value of
Hotteling’'s T* = 63.921 with p — value = 1.321x10** This indicates that the
DLDI and DI learning models simultaneously have an influence on students' concept
understanding ability and self-regulated learning.

2.Based on the posttest data of concept understanding ability with independent sample t-test test, it is
found that DLDI learning model gives superior effect than DI learning model in terms of concept
understanding ability.

3.Based on the posttest data of self-regulated learning ability with independent sample t-test test, it is
found that DLDI learning model gives superior effect compared to DI learning model in terms of
self-regulated learning ability.
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