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Abstract  
This study was driven by students’ low mathematical connection ability in learning Sequences and Series, a skill 
essential for understanding relationships among mathematical concepts. The purpose of this research was to develop 
a Problem-Based Learning (PBL)-based student worksheet designed to improve students’ mathematical connection 
ability and to examine its validity and practicality. A development research approach was applied using the 4-D 
model—Define, Design, Develop, and Disseminate. The participants were tenth-grade students selected through 
purposive sampling. Data were collected using validation instruments, practicality questionnaires, interviews, and 
classroom observations. The validation process evaluated face, content, and construct validity. The developed 
worksheet demonstrated strong validity, with average scores of 89.29% for face validity, 89.29% for content 
validity, and 86.79% for construct validity. The overall validity score of 88.45% fell into the “very valid” category, 
indicating the product’s suitability for field implementation. The practicality assessment, focusing on design, clarity 
of material presentation, and ease of use, produced an average score of 83.27%, classified as “practical.” These 
findings suggest that the PBL-based worksheet is both valid and practical, offering potential as an effective 
instructional tool to support students in developing mathematical connection ability, particularly in topics related 
to Sequences and Series. 
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I. Introduction  
Mathematics is a branch of science that 

serves as the foundation for the development of 
modern technology. Engelbrecht, Llinares & 
Borba (2020) state that mathematics is a tool for 
developing an individual's way of thinking. 
Mathematics is one of the essential subjects that 
must be taught from elementary school to higher 

education (Gravemeijer Stephan, Julie, Lin & 
Ohtani, 2017; Lina, Johar & Anwar, 2025; 
Ratuanik, Sainlia, Batkunde, Nifanngelyau, 
2022). According to Purnama, Widyatiningtyas & 
Ridha (2019), mathematics is a systematically 
organized discipline that emphasizes the 
interrelation of mathematical ideas. The 
objectives of mathematics learning, as outlined in 
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the Merdeka Curriculum, include equipping 
students with mathematical understanding and 
procedural fluency, reasoning and proof, 
mathematical problem-solving, communication 
and representation, mathematical connections, 
and mathematical disposition 
(Permendikbudristek, 2022). Therefore, 
mastering mathematics is not only important for 
academic preparation but also serves as a 
foundation for logical and systematic thinking, 
which is essential for meeting the challenges of 
the 21st century. 

One of the key objectives of mathematics 
education is to develop students' mathematical 
connection ability, which serves as a fundamental 
skill that every learner should possess. According 
to Putri (2017), mathematical connection ability 
refers to the capacity of students to identify 
relationships between mathematical concepts and 
procedures, recognize the interrelatedness among 
topics within mathematics, and apply 
mathematical ideas to other disciplines or real-life 
contexts. Albert and Antos (as cited in 
Permatasari, Asikin & Dewi, 2020) emphasize 
that when students can connect real-world 
experiences with mathematical concepts, 
mathematics becomes more meaningful and 
relevant to them. This sense of relevance 
enhances students’ motivation and increases their 
engagement in the learning process. As a result, 
students become more curious and eager to 
explore the applications of mathematics in their 
everyday lives (Bernard & Senjayawati, 2019). 

Despite the importance of mathematical 
connection ability, research conducted by 
Saputra, Armis & Maimunah (2022) revealed that 
students’ mathematical connection skills remain 
low. The results showed that only 21.5% of the 
total students tested achieved the indicators of 
mathematical connection ability. Similarly, a 
study by Sudirman & Kadir (2018) found that the 
percentage of students who met the indicators was 
46% for connecting objects with mathematics, 
30% for connecting mathematics with real-life 
contexts, and 32% for connecting mathematics 
with other disciplines. Overall, the total 

achievement rate of students' mathematical 
connection ability was only 36%. Several 
international studies consistently report that 
students’ mathematical connection skills remain 
low, as they struggle to link concepts, integrate 
multiple representations, and relate mathematical 
ideas to real-world contexts (Baiduri, Putri & 
Alfani, 2020; Haji, 2017; Hasbi, 2019; Hasibuan, 
2020; Nuryanti, 2018; OECD, 2019; Retnawati, 
Apino & Santoso, 2020; Sholeha, Risnawati & 
Habibullah, 2021; Tasni, 2020). Interviews 
conducted by the researcher with a mathematics 
teacher at SMA Negeri 2 Tambang also revealed 
that many students struggle to learn mathematics 
because they do not understand previous material. 
As a result, students have difficulty linking 
mathematical ideas. These findings indicate that 
students’ mathematical connection ability 
remains insufficient. 

Putri & Santosa (2015) stated that the low 
level of students' mathematical connection ability 
may be attributed to the use of teacher-oriented 
instructional approaches. In such settings, 
students tend to be passive recipients of 
information, show a lack of responsibility, and are 
often reluctant or unmotivated to face challenges 
in solving mathematical problems. The learning 
process typically focuses on note-taking, reading, 
and writing, without involving the observation or 
analysis of real-world problems relevant to the 
students. As a result, students are not trained to 
solve everyday problems that are related to 
mathematical concepts. Observations conducted 
at several senior high schools namely SMAN 2 
Tambang, SMAN 2 Siak Hulu, and SMAN 15 
Pekanbaru also revealed that many students 
struggle with solving mathematical problems due 
to a lack of understanding of prior material. 
Therefore, a student-centered learning model is 
needed to address this issue.  

Several prior studies have explored the use 
of Problem-Based Learning (PBL) to enhance 
students’ mathematical abilities. Astuti (2023) 
developed a PBL-based electronic worksheet (E-
LKPD) and demonstrated that the product 
achieved high validity and practicality, 
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contributing to improved mathematical 
connection skills. While Astuti’s study focused on 
digital learning materials, the present study differs 
by developing a printed PBL-based worksheet 
aligned with the Merdeka Curriculum and 
focusing specifically on Sequences and Series, a 
topic identified as challenging at the senior high 
school level. 

Juniati, Kartini & Maimunah (2021) 
developed PBL-based instructional tools, 
including lesson plans and worksheets, to support 
mathematical connection skills. However, their 
study employed the ADDIE development model 
and targeted junior high school content on 
Quadrilaterals and Triangles. In contrast, the 
present research employs the 4-D development 
model and addresses a different mathematical 
domain that requires higher conceptual 
abstraction. 

Meanwhile, Tambunan & Khairuna (2022) 
developed a PBL-based worksheet for Arithmetic 
Sequences and series, reporting that it was valid, 
practical, and effective. However, their study did 
not specify a particular mathematical ability to be 
enhanced. The present study fills this gap by 
explicitly positioning mathematical connection 
ability as the core competency to be facilitated. 

Based on this comparative analysis, the 
novelty of the present research lies in: 
1. developing a printed PBL-based worksheet 

tailored to the Merdeka Curriculum 
framework, 

2. focusing on the underexplored topic of 
Sequences and Series at the senior high school 
level, and 

3. explicitly targeting mathematical connection 
ability, which has received limited attention in 
previous PBL-based worksheet developments. 

This study, therefore, contributes a 
focused, curriculum-aligned, and pedagogically 
grounded instructional product designed to 
address a critical learning need in mathematics 
education. 

Problem-Based Learning (PBL) is an 
instructional model that engages students in 
solving real-world problems through inquiry and 

questioning, thereby stimulating their thinking 
processes (Lestary, Zulfah & Astuti, 2023). 
According to research by Abidin (2020), in an 
experimental class that implemented the PBL 
model, the learning process became more 
dynamic and was not rigidly focused only on 
mathematical content. Nevertheless, the essence 
of mathematics remained central, allowing 
students to perceive that they were not only 
learning mathematical concepts but also engaging 
with other interdisciplinary elements. Supporting 
this, a study conducted by Atiningsih (2018) at 
SMA Negeri 11 Semarang demonstrated that the 
PBL model significantly improved students' 
mathematical connection ability. The average 
score on the mathematical connection ability test 
increased to 85.68%, with the percentage of 
mastery reaching 76.47%. Based on these 
findings and supported by empirical evidence, the 
PBL model can be considered an innovative 
approach that effectively facilitates the 
development of students’ mathematical 
connection ability. 

In the implementation of Problem-Based 
Learning (PBL), innovation is needed to support 
each stage of the learning process effectively. One 
important instructional innovation that can be 
utilized is the use of Student Worksheets (LKPD). 
According to Salirawati (as cited in Noprinda & 
Soleh, 2019), the use of LKPD assists teachers in 
managing the learning process, guiding students 
to discover concepts through individual or 
collaborative activities, developing process skills 
and scientific attitudes, and helping educators 
monitor students’ achievement of learning 
objectives. 

The development of student worksheets 
(LKPD) is an effort that supports students in 
achieving their mathematics learning objectives. 
According to Trianto (as cited in Effendi, 
Herpratiwi & Sutiarso, 2021), LKPD serves as a 
guide for students, developing their cognitive 
aspects while also functioning as a reference for 
the overall learning process. LKPD is designed to 
guide students in investigating or solving 
problems based on the learning achievement 
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indicators that must be met. Based on various 
studies, Student Worksheets (LKPD), particularly 
those developed using a Problem-Based Learning 
approach, have been proven effective in 
enhancing conceptual understanding, higher-
order thinking skills, learning engagement, and 
student independence through the provision of 
structured and contextual learning activities 
(Aneliana, 2022; Eryani, 2025; Hayati, Astuti & 
Febrian, 2022; Masruroh, 2023; Satiti, Fajariah & 
Nasrulloh, 2023; Suryanti, 2023; Triwahyudianto, 
Isnani & Kumala, 2024; Tussholeha, 2023). 
Therefore, LKPD can be considered a learning 
tool designed to facilitate effective interaction and 
enhance students' learning activities and academic 
performance. To ensure that students can 
effectively utilize the LKPD, it must align with 
the current curriculum specifically, the Merdeka 
Curriculum and be consistent with the PBL 
framework designed by the researcher. 

One of the topics taught in the Merdeka 
Curriculum is Sequences and Series. This topic is 
included in Phase E, where the learning objective 
is for students to apply arithmetic and geometric 
sequences and series in solving problems 
involving simple and compound interest. 
According to Hariyomurti, Prabawanto & Al 
Jupri (2020), the topic of sequences and series is 
essential for students to learn and master due to its 
wide range of applications and frequent 
occurrence in daily life. This is in line with 
Sumarmo’s statement (as cited in Rohendi & 
Dulpaja, 2013), which outlines several indicators 
of mathematical connection ability: (a) 
identifying relationships among various 
representations of concepts and procedures; (b) 
understanding the connections among 
mathematical topics; (c) applying mathematics in 
other disciplines or real-life situations; (d) 
recognizing equivalent representations of 
concepts or similar procedures; (e) identifying 
relationships among different procedures within 
equivalent representations; and (f) utilizing 
connections between mathematical topics and 
between mathematics and other subjects. 
Therefore, the topic of sequences and series 

serves as a suitable context to facilitate students' 
mathematical connection ability, as it inherently 
incorporates these indicators. 

II.  Research Method 
The type of research conducted in this 

study is development research (Research and 
Development), which focuses on producing a 
product in the form of a Problem-Based Learning 
(PBL) Student Worksheet (LKPD) on the topic of 
sequences and series to facilitate students’ 
mathematical connection abilities. The 
development model used is the 4D model 
developed by Thiagarajan (Ayuningtyas & 
Setiana, 2019), which consists of four stages: 
Define, Design, Develop, and Disseminate. 

The first stage, Define, involves needs 
analysis to identify problems and learning 
objectives. The second stage, design, includes the 
development of a conceptual framework and the 
preparation of learning tools. The third stage, 
Develop, encompasses the creation of the media 
and validation testing to assess its feasibility. The 
final stage, Disseminate, involves implementing 
the developed learning product in actual 
classroom settings with the research subjects. 

The researcher employed interviews, 
classroom observations, expert validation 
questionnaires, and practicality questionnaires as 
data collection techniques. Based on the learner 
analysis, the sample of this study consisted of 
Grade X students at SMA N 2 Tambang. To 
explore the initial problems and conduct a 
preliminary analysis, data were gathered through 
interviews and observations. Interviews were 
conducted with the Grade X mathematics teacher 
to gain insights into the ongoing teaching and 
learning process. At the same time, observations 
were made to examine students' behaviors and 
engagement during mathematics lessons. In 
addition, data collection also included expert 
validation results and student response 
questionnaires to ensure the developed materials 
met the required quality standards. 

In addition, other data collection 
techniques included expert validation and student 
response questionnaires. To determine the 
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percentage scores from the validators, the 
researcher used the data analysis technique 
proposed by Akbar (2017), using the formula. 

𝑽 =
𝑻𝒔𝒆
𝑻𝒔𝒉

× 𝟏𝟎𝟎% 

Where:  
V    = validity percentage 
𝑇$% = Total empirical score from the validator 
𝑇$& = Maximum expected score 

Table 1. Validity level criteria 

Validity Score (V) Interpretation 

80% < V ≤ 100% Very Valid 

60% < V ≤ 80% Valid 

40% < V ≤ 60% Fairly Valid 

20% < V ≤ 40% Less Valid 

0% ≤ V ≤ 20% Not Valid 
Source: Akbar, 2017 

The LKPD is considered valid or very valid 
if it reaches a score above 60%. It is considered 
reasonably valid if it is equal to or below 60%. If 
the percentage does not reach 60%, the LKPD is 
deemed not valid and must undergo further 
validation testing by the researcher.  

The formula used to calculate the 
practicality percentage of the LKPD based on 
student responses is adapted from Akbar (2017). 

𝑷 =
𝑸𝒔𝒆
𝑸𝒔𝒉

× 𝟏𝟎𝟎% 

Where:  
P    = Practicality percentage 
𝑄$% = Total empirical score obtained from student 

responses 
𝑄$& = Maximum possible score 

The resulting percentage is then interpreted 
according to the following criteria: 

Table 2. Practicality assessment criteria 

Percentage (P) Interpretation 

85% < V ≤ 100% Very Practical 

70% < V ≤ 85% Practical 

50% < V ≤ 70% Less Practical 

0% ≤ V ≤ 50% Not Practical 
Source: Akbar, 2017 

The LKPD is considered practical if it 
reaches a score above 70%, and is considered less 
practical if it is equal to or below 70%. If the 
percentage does not reach 70%, the LKPD is 
deemed not practical and must undergo a further 
practicality assessment by the researcher. 

III. Results and Discussion 
This development research resulted in a 

product in the form of a student worksheet 
(LKPD) designed to facilitate the mathematical 
connection ability of Grade X senior high school 
students on the topic of sequences and series. This 
study aimed to examine whether the developed 
LKPD met the criteria of validity and practicality 
in supporting students' mathematical connection 
skills. The research employed the 4D 
development model, which consists of four 
stages: Define, Design, Develop, and 
Disseminate. 

Define 
The define stage was carried out to 

determine and formulate the needs related to the 
learning process, as well as to gather the necessary 
information for designing the draft of the 
developed learning tools. This stage consisted of 
preliminary-final analysis, student analysis, task 
analysis, concept analysis, and specification of 
learning objectives, with the following results: (1) 
In the preliminary-final analysis, based on a 
literature review, it was found that students' 
mathematical connection ability, especially at the 
senior high school level, was still low. Interview 
results with teachers also indicated that the use of 
LKPD had not yet integrated experimental and 
observational activities aligned with the PBL 
model; (2) In the student analysis, it was 
discovered that students were more enthusiastic 
when learning through peer discussions and 
actively participating in problem-solving, and that 
students showed greater interest in learning 
involving visual elements such as images; (3) In 
the task analysis, the researcher analyzed the 
learning outcomes of Grade X Phase E on the 
topic of sequences and series according to the 
Merdeka Curriculum. The learning objectives 
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refer to BSKAP Regulation No. 033/H/KR/2022; 
(4) In the concept analysis, the topic of sequences 
and series was structured based on the 2022 
Merdeka Curriculum student book and teacher’s 
guide, which consists of arithmetic sequences, 
geometric sequences, arithmetic series, geometric 
series, and infinite geometric series; and (5) In the 
specification of learning objectives, information 
was obtained that was necessary for designing the 
draft of the developed learning tools. 

The design stage involved the development 
of criterion-referenced tests, media selection, 
format selection, and the initial product draft, with 
the following results: (1) In developing the 
criterion-referenced tests, validation sheets and 
practicality questionnaires were created to assess 
the validity and practicality of the developed 
LKPD. The validation sheet was designed based 
on three aspects: face validity, content validity, 
and construct validity. The practicality 
questionnaire for the LKPD was developed based 
on three aspects: the appearance of the LKPD, the 
content/material presented, and the ease of use; 
(2) For media selection, the medium used in this 
study was print-based or hardcopy format; (3) In 
the format selection, the LKPD was structured to 
include steps for discovering concepts and solving 
problems related to the topic of sequences and 
series, enabling students to participate in the 
learning process actively; and (4) In the initial 
product draft, the subtopics for each LKPD were 
divided as follows: LKPD-1 covers arithmetic 
sequences, LKPD-2 covers arithmetic series, 
LKPD-3 covers geometric sequences, LKPD-4 
covers geometric series, and LKPD-5 covers 
infinite geometric series. The result of this stage 
is referred to as Draft I. The following is the initial 
design of the developed LKPD. 

 
 
 
 
 
 
 
 

1) LKPD Cover 

 
Figure 1. Initial design of the LKPD cover 

2) LKPD Contents 

 
Figure 2. Initial design of the LKPD content 
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3) Practice Questions 

 
Figure 3. Initial design of the practice question 

Develop 
The development stage is divided into two 

main activities conducted by the researcher, 
namely expert appraisal, which consists of expert 
review and one-to-one evaluation, and 
development testing, which involves trying out 
the developed product. 

Expert Review 
The LKPD was validated by three 

validators: two university lecturers and one 
practitioner. The validation results are presented 
in Table 3 below: 

Table 3. LKPD validation result 

Student 
Worksheet 

Assessment Aspects 
Rata-rata Face 

Validity 
Content 
Validity 

Construct 
Validity 

LKPD-1 83% 83% 85% 84% 
LKPD-2 93% 93% 86% 90% 
LKPD-3 92% 92% 86% 90% 
LKPD-4 88% 88% 89% 88% 
LKPD-5 90% 90% 89% 90% 
Average Validity Score 88% 
Category Very Valid 

Based on the data in Table 3, the average 
validation score of the developed Student 

Worksheet (LKPD) reached 88%. Referring to the 
validity criteria listed in Table 3.3, this percentage 
falls within the range of 85% < Vₐ ≤ 100%, 
indicating that the LKPD is in the very valid 
category. This result shows that the developed 
LKPD has met the content feasibility standards 
and is suitable for field testing, provided that 
revisions are made based on suggestions and 
feedback from the validators. The suggested 
improvements from the validators, along with the 
corresponding revisions made to the LKPD, are 
presented in the following section. 
1) The validator suggested revisions during the 

guiding phase of the investigation, 
recommending that several sentences be 
improved to help students complete the LKPD 
more easily and to avoid multiple 
interpretations. 

2) The validator provided input to replace certain 
images with more relevant visuals. 

One-to-One 
The results of the one-to-one evaluation in 

this study indicated that several terms or 
sentences in the LKPD were difficult for students 
to understand. During the one-to-one evaluation, 
students also asked questions and provided 
comments and suggestions regarding the LKPD 
being developed. These comments and 
suggestions served as a reference for the 
researcher in revising the LKPD. The feedback 
and suggestions provided by the students are 
presented in Table 4 below: 

Table 4. Comments and suggestions from the one-to-
one evaluation 

Student Comments and Sugestions 

1 The LKPD has a colorful design, which 
makes the learning process more enjoyable. 

2 The explanation is clear, but it would be 
better if the tables in the LKPD were 
widened. 

3 Some of the instructions in the LKPD are 
not clear. 

Several parts of the LKPD that were 
included in the students’ comments and 
suggestions were revised. The opinions and input 
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from students as users of the developed LKPD 
served as a reference for the researcher in refining 
the worksheet. The results of the revisions from 
the validation and one-to-one evaluation are 
presented as Draft-2. 

Small Group 
The small group trial was conducted with 

six Grade X students from SMAN 2 Tambang, 
selected based on the teacher’s recommendation 
to represent students with heterogeneous abilities. 
The trial took place over three meetings, from 
May 19 to May 21, 2025. Based on the 
researcher’s observations during the LKPD 
implementation, students were initially confused 
about how to complete the “known” and “asked” 
sections in the student organizing phase. At first, 
they did not understand what answers to provide 
in that section. After the researcher explained 
what should be written in the student organizing 
phase, the students began to understand and 
became more active in working on the developed 
LKPD. The researcher then distributed a 
practicality questionnaire (student response 
questionnaire) to assess the ease of use and gather 
students’ opinions on the LKPD being developed. 
The results of the practicality questionnaire from 
the small group trial are presented in Table 5 
below. 

Table 5. Student response questionnaire results small 
group 

Aspect 

Average Score for 
LKPD (%) 

Total 
Average 

Score 
(%) 

Category 
1 2 3 4 5 

DA 96 94 96 96 94 95 Very Practical 

CP 100 98 96 88 92 95 Very Practical 

EU 94 92 93 88 86 91 Very Practical 

Overall 
Average 97 95 95 91 91 94 Very Practical 

Note: 
DA: Display Aspect 
CP: Content Presentation 
EU: Ease of Use 

Based on the data in Table 5, the results of 
the student response questionnaire in the small 

group trial for the LKPD, which was developed 
on the topic of sequences and series to facilitate 
students' mathematical connection ability, 
indicate that the LKPD is classified as very 
practical, with an overall practicality score of 
94%. 

Field Test 
The field test in this study involved a larger 

group consisting of 36 Grade X.1 students at 
SMAN 2 Tambang with heterogeneous academic 
abilities. The field testing was conducted from 
May 23 to June 4, 2025. The results of the student 
response questionnaire from the field test are 
presented in Table 6. 

Table 6. Student response questionnaire results–large 
group 

Aspect 

Average Score for 
LKPD (%) 

Total 
Average 

Score 
(%) 

Category 
1 2 3 4 5 

DA 87 92 91 85 85 88 Very Practical 

CP 78 82 79 77 76 78 Practical 

EU 85 86 83 79 84 83 Practical 

Overal 
Average 83 87 84 80 82 83 Practical 

Note: 
DA: Display Aspect 
CP: Content Presentation 
EU: Ease of Use  

Based on the data in Table 6, the student 
response questionnaire results from the large 
group field test show that the LKPD developed on 
the topic of sequences and series to facilitate 
mathematical connection ability in Grade X high 
school students is categorized as practical, with an 
overall score of 83%. After reaching this stage of 
practicality, the developed LKPD was finalized as 
a complete product. 

Dissiminate 
The dissemination phase consisted of two 

main activities: (1) packaging the final product, 
and (2) distributing the LKPD to users by 
delivering the teaching module to SMAN 2 
Tambang. Below is the cover of the final 
packaged LKPD product. 
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Figure 4. Final LKPD cover packaging 

In the definition stage, the researcher 
conducted a preliminary and final analysis, 
learner analysis, task analysis, concept analysis, 
learning objective specification, and literature 
review. The initial problem was identified as the 
low mathematical connection skills of students, 
which was confirmed through interviews during 
the needs analysis process. Interview results 
revealed that students experienced difficulties in 
connecting mathematical ideas, a finding that 
aligns with previous studies by Widiyawati 
(2020) and Sudirman & Kadir (2018), who also 
reported low levels of mathematical connection 
skills among students. Based on observations and 
interviews with the Grade X mathematics teacher 
at SMA Negeri 2 Tambang, it was found that 
students were not actively engaged in learning; 
instruction remained teacher-centered, and 
learning resources were not integrated with the 
PBL model, requiring extensive teacher 
explanation. As a result, students struggled to 
learn new topics because of their limited 
understanding of prerequisite materials. To 
address this issue, student-centered learning was 
deemed necessary, particularly the Problem-
Based Learning (PBL) model, which has been 
shown to support mathematical connection skills 

through active participation and contextual 
problem solving (Chen et al., 2024; Ge et al., 
2025; Lonergan, Cumming & O’Neill, 2022; 
Manuaba & Wu, 2024; Yew & Goh, 2016; Yu & 
Zin, 2023). 

In the design stage, the researcher 
developed PBL-based worksheets (LKPD) to 
facilitate students' mathematical connection skills 
on the topic of Sequences and Series. The 
worksheets incorporated the phases of PBL: (1) 
problem orientation, (2) organizing students for 
learning, (3) guiding individual and group 
investigations, (4) developing and presenting 
solutions, and (5) analyzing and evaluating the 
problem-solving process. These phases were 
aligned with indicators of mathematical 
connection skills, including connecting 
mathematical ideas, applying mathematical 
concepts across disciplines, and relating 
mathematics to daily life. The developed 
worksheets consisted of five meetings: arithmetic 
sequences, arithmetic series, geometric 
sequences, geometric series, and infinite 
geometric series (Draft-1). Validation and 
practicality questionnaires were also developed; 
validation covered face, content, and construct 
validity, while practicality measured appearance, 
content presentation, and ease of use using a 
Likert scale. 

In the development stage, Draft-1 was 
validated by three experts: two mathematics 
education lecturers and one mathematics teacher. 
The average validation score was 88%, 
categorized as "very valid" based on Akbar's 
(2017) modification criteria, indicating that the 
worksheets were suitable for facilitating 
mathematical connection skills. The draft was 
revised following expert feedback. A one-to-one 
evaluation involving three students of 
heterogeneous abilities indicated that the 
worksheets were visually appealing and clear, 
though some tables required enlargement, and 
specific instructions needed clarification. After 
revision, Draft-2 was administered in a small-
group trial with six students. During 
implementation, students had difficulty 
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interpreting one instruction related to expressing 
opinions, prompting the researcher to provide 
clarification. Practicality scores from the small-
group trial averaged 94% ("very practical"). A 
field test involving 36 Grade X students over five 
meetings produced an average practicality score 
of 83% ("very practical"). These results indicate 
that the PBL-based worksheets meet the criteria 
of validity and practicality. However, some 
students still struggled to relate mathematical 
ideas, which echoes findings by Khoirudin, 
Setyawati & Nursyahida (2017) regarding factors 
such as content selection, teaching methods, 
classroom environment, family support, test 
readiness, and individual student abilities. 

In the disseminate stage, the researcher 
presented the study in a research seminar and 
packaged the final product into a book, which was 
then distributed to SMA Negeri 2 Tambang for 
classroom use, particularly to support 
mathematical connection skills in Sequences and 
Series. 

The strength of this research lies in the 
development of empirically validated and 
practical PBL-based worksheets that effectively 
facilitated students’ mathematical connection 
skills. This finding is supported by studies 
showing that PBL enhances students’ ability to 
connect mathematical concepts (Juniati et al., 
2021; Lestari, Mardiyana & Slamet, 2022; 
Mahendra, Husamah & Budiono, 2023; 
Mandasari, 2021; Mubarika, Firmansyah & 
Yuliane, 2020; Pradini, Lusiana & Kesumawati, 
2022; Setiawan, Tahmir & Jafaruddin, 2024; 
Dalimunthe & Hasibuan, 2025). Thus, this study 
contributes further empirical evidence supporting 
the potential of PBL phases—implemented 
through PBL-based worksheets—to improve 
mathematical connection skills. Nevertheless, 
several limitations should be considered. Because 
the worksheets were designed to encourage 
student-generated ideas, some instructions were 
intentionally concise, which led to difficulties 
during small-group implementation. 
Additionally, although the study employed three 
indicators of mathematical connection skills, 

some tasks overlapped with indicators involving 
cross-disciplinary and real-life applications. 
Future researchers are encouraged to refine task 
alignment with specific indicators and address the 
noted limitations to improve subsequent 
development studies. 

IV. Conclusion 
The development research conducted by 

the researcher resulted in a mathematics Student 
Worksheet (LKPD) aligned with the Merdeka 
Curriculum and based on the Problem-Based 
Learning (PBL) model for the topic of Sequences 
and Series, aimed at facilitating the mathematical 
connection ability of Grade X high school 
students. Based on the findings and discussions, it 
can be concluded that the LKPD developed using 
the PBL model for the topic of Sequences and 
Series meets the criteria of being very valid, with 
an overall average validity score of 88%, and 
practical, with an overall average practicality 
score of 83%. 
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