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Abstract 

This research developed a problem-based worksheet (PB-Ws) model integrated 

with a learning management system (LMS) for the pneumatic course, targeting 

improvements in students' critical thinking and problem-solving skills. The study 

employed a four-phase design-based research (DBR) method: needs analysis, 

design planning, development, and reflection. The PB-Ws was validated by three 

expert validators. Data collection methods included interviews, observations, 

literature studies, and documentation. Results demonstrated that the PB-Ws 

model achieved a high feasibility level, particularly in the context (curriculum 

alignment and goal relevance), design, and language aspects, each scoring 4.0. 

However, input (adaptability to student characteristics) and process 

(implementation clarity and evaluation suitability) scored 3.7 and 3.3, suggesting 

areas for improvement in evaluation mechanisms and promotion of higher-order 

thinking skills (HOTS). This is because, although the model aligns with 

educational needs and standards, enhancements in cognitive challenge are 

necessary to maximize its effectiveness. The development of the PB-Ws model, 

integrated with LMS, significantly impacts vocational education by providing a 

structured, interactive, and accessible learning experience, supporting the 

cultivation of 21st-century skills in mechatronics and pneumatic systems. 

Keywords: Higher order thinking skills, Learning management system, Problem-

based learning, Vocational school, Worksheet. 

  



Problem-Based Worksheet (PB-Ws) Assisted Learning Management . . . . 151 

 
 
Journal of Engineering Science and Technology                Special Issue 4/2025 

 

1. Introduction 

Problem-based worksheet (PB-Ws) is recognized as an innovative learning method 

that places students at the center of the learning process [1]. In pneumatic learning, 

students typically engage with worksheets as instructional materials. However, the 

worksheet developed in this study is not limited to conventional questions but is 

specifically designed to follow the problem-based learning (PBL) syntax. By 

presenting real-world problems at the beginning of the lesson, this worksheet 

guides learners systematically through the problem-solving process. Learning 

management systems (LMS) have emerged as effective platforms to support digital 

and flexible learning environments [2-4]. Integrating PB-Ws with LMS enables 

students to access materials, interact, and complete problem-based tasks 

independently and collaboratively [5]. 

Many reports regarding PBL have been well-documented [6-9]. Previous 

studies have demonstrated that the PBL approach enhances students' critical 

thinking and problem-solving abilities [10, 11]. However, these studies often relied 

on non-digital worksheets and lacked iterative model development tailored to 

students' needs.  

This study aims to develop a PB-Ws model using LMS for the topic of 

pneumatic logic gates. Employing the design-based research (DBR) method, this 

research focuses on product development. The novelty of this study lies in three 

aspects: (i) the application of the Problem-Based Learning approach, (ii) the 

development of digital PB-Ws media, and (iii) the integration of LMS in pneumatic 

learning. This combination remains underexplored in engineering education, 

particularly in vocational contexts, and is expected to contribute to more 

interactive, flexible, and contextual learning. 

2. Literature Review 

Figure 1 shows the differences between a conventional worksheet and a problem-

based worksheet (PB-Ws), comparing aspects such as: i) learning approach, ii) 

student engagement, iii) collaboration, iv) skill development, v)instructional 

design, and vi) effectiveness. New teaching strategies, like PBWs, must be 

implemented because conventional ones are often unsuccessful. 

Figure 2 describes a general LMS diagram, which serves as a digital platform 

for managing, distributing, and monitoring the learning process [12]. Access to the 

LMS begins with the internet, where an administrator manages the web server and 

database server. Students input responses, while teachers upload instructional 

materials. The LMS supports both online and blended learning environments, 

providing features like material distribution, discussion forums, quizzes, 

assessments, and student activity tracking [13, 14]. In engineering education, LMS 

plays a critical role in delivering structured, self-directed learning experiences. 

Research found that applying LMS in electropneumatics training enables students 

to learn basic pneumatic principles online before engaging in hands-on practice, 

enhancing their readiness and technical skills [15]. LMS integration also allows for 

individualized monitoring of student progress, flexible learning schedules, and 

enhanced interaction through online discussions [16, 17]. Furthermore, combining 

LMS with active learning methods such as PBL has been shown to improve student 

independence and motivation [18]. 
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Fig. 1. Difference of a conventional worksheet  

and versus problem-based worksheet. 

 

Fig. 2. Diagram of learning management system (LMS). 

3. Method  

This study applied the DBR method, consisting of four phases: analysis, design, 

development, and reflection. Detailed information for this method is explained 

elsewhere [19]. In the analysis phase, the study identified teachers' needs related to 

pneumatic learning. The PB-Ws design was developed to integrate the topic of 

pneumatic logic gates. During the development phase, three validators were 

involved: material experts, media experts, and design experts. The research 

instrument used was a PB-Ws validation sheet. The evaluation of PB-Ws 

effectiveness was conducted during the reflection phase. 
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4. Results and Discussion 

Figure 3 explains the development of the PB-Ws model using the LMS platform. 

The needs analysis revealed that the worksheet design should support students in 

enhancing 21st-century skills and independently understanding fundamental 

material concepts [20]. Additionally, student activities must promote active, varied, 

and dynamic learning tailored to student characteristics [21]. Challenges in 

worksheet design often relate to the learning model applied, necessitating practical 

and accessible formats, both online and offline [22, 23]. The PB-Ws model follows 

five core stages: preparing the Moodle environment, conducting user testing, and 

performing monitoring and evaluation. 

Figure 4 explains the PB-Ws interface within the LMS: Fig. 4(a) for login page 

with fields for Username and Password and options for language settings and 

password recovery; Fig. 4(b) for course dashboard; Fig. 4(c) for introduction page; 

Fig. 4(d) for subject identity section detailing competencies, objectives, and 

descriptions; Fig. 4(e) for module-based teaching materials; Fig. 4(f) for pretest and 

posttest features; and Fig. 4(g) for structured learning sessions. Activities include 

problem presentation, group formation, investigation, solution presentation, and 

reflection, fostering critical thinking, collaboration, and problem-solving skills. 

Table 1 explains validation results from three expert validators who indicated 

that the PB-Ws model achieved a high feasibility level. Detailed information for 

statistical analysis is explained elsewhere [24-26]. The context aspect (curriculum 

alignment, learning objectives, and student needs) scored 4.0. The input aspect 

(adaptability to student characteristics) and the process aspect (clarity of 

implementation and evaluation) scored 3.7 and 3.3, respectively, signaling areas 

for improvement, particularly in evaluation mechanisms and promoting higher-

order thinking skills (HOTS). Suggestions included adjusting learning activities to 

model syntax, refining implementation stages, and correcting writing errors. 

Limited-scale implementation of PB-Ws using LMS showed significant 

improvements in students' critical thinking and problem-solving skills based on 

pretest and posttest N-Gain calculations. These results confirm the model's strong 

alignment with curriculum standards and student needs, though improvements in 

evaluation and cognitive challenge remain necessary for optimal effectiveness [27]. 

Table 1. Validation result. 

Aspect 
Number of 

Items 
Score 

Learning objectives and curriculum Structure  1,2 4.0 

Fit the purpose to the needs 3,4,5,6,7 4.0 

Fit of the model with the characteristics and 

needs of the students 

8,9,10,11,12,13,1

4,15,16,17 
3.7 

Clarity of the stages of implementation of the 

learning model  
18,19,20,21 3.7 

Conformity of learning evaluation 22,23,24,25,26 3.3 

Model compatibility with HOTS  27,28 3.3 

Design and Appearance 29,30,31,32 4.0 

Language 33,34,35,36,37 4.0 
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The PB-Ws model, integrating PBL syntax within an LMS, emphasizes 

indicators of critical thinking and problem-solving. Its design has proven valid and 

reliable, ensuring suitability for vocational learning environments [28-34]. 

Systematic arrangement and continuous refinement, the PB-Ws supports teachers 

in facilitating engaging and effective learning while promoting students' 21st-

century skills. 

 

Fig. 3. Flowchart design PB-Ws using LMS. 

 

Fig. 4. PB-Ws using LMS: a) Login page, b) course dashboard,  

c) introduction page, d) subject identity, e) module-based teaching  

materials, f) pretest and posttest, g) structured learning sessions. 

5. Conclusion 

The PB-Ws model is deemed feasible for use in the learning process. It 

demonstrates strong alignment with the curriculum structure and student needs, 

achieving maximum scores in the context, design, and language aspects. However, 
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certain areas, particularly in learning scenario preparation and activity structuring, 

require improvement, as reflected in the lower scores for the process and product 

aspects. Overall, the PB-Ws model shows significant potential to enhance the 

effectiveness of problem-based learning. With further refinement, it can serve as 

an optimal tool to support the development of HOTS among students. 
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