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ABSTRACT 

Background. Programming competence is a fundamental skill for 

students in information technology education. Despite its importance, 

assessment practices continue to rely predominantly on theoretical 

examinations that inadequately represent students’ practical abilities to 

solve authentic programming problems. 

Purpose. This study aims to explore the narratives of performance 

assessment-based competency testing for measuring students’ 

programming competencies through an authentic and comprehensive 

assessment model that captures both learning processes and 

performance outcomes. 

Method. This study employed a quantitative approach using a quasi-

experimental design supported by a literature review. Performance 

assessment narratives were developed from students’ competency test 

results using a structured rubric encompassing four dimensions: 

algorithm planning, code implementation, debugging, and program 

optimization.  

Results. The findings reveal narratives of students’ programming 

competency development that are more comprehensive than those 

generated through conventional assessment methods. The performance 

assessment model demonstrated greater accuracy in evaluating 

authentic programming competencies. Students achieved the highest 

performance in code implementation, whereas debugging and program 

optimization emerged as the primary challenges. Furthermore, the 

assessment narratives provided deeper insights into students’ critical 

thinking, problem-solving abilities, creativity, and the progression of 

their programming skills.   

Conclusion. he narratives generated through performance assessment-

based competency testing offer an authentic and effective evaluation 

framework for measuring students’ programming competencies. 

Beyond providing reliable evidence of learning outcomes, these 

narratives deliver meaningful feedback that supports continuous 

competency development and better prepares students to meet the 

professional demands of the information technology industry. 
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INTRODUCTION 

The rapid advancement of information technology 

demands that every individual, especially students, master 

adequate digital competencies. One key skill is 

programming, as the professional world demands not only 

theoretical understanding but also the ability to apply  
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concepts practically to solve real-world problems. Universities have a strategic role in preparing 

students to compete and adapt to the complexities of technology-based work environments. 

This situation emphasizes the importance of developing effective evaluation strategies, so that 

programming skill mastery can be measured accurately and objectively. With the right evaluation 

approach, lecturers can comprehensively assess students' abilities, including critical thinking skills, 

problem-solving skills, and the ability to implement solutions in real-world contexts (Wahyudi et 

al., 2025). This type of evaluation also supports a more reflective learning process, increases student 

motivation, and ensures that acquired competencies are relevant to the demands of the workplace. 

Furthermore, practice-based skill measurement allows for the identification of areas that need 

strengthening, allowing for appropriate improvements to the curriculum and teaching methods. 

Thus, the development of authentic assessment methods is a crucial element in modern higher 

education to prepare competent and adaptable graduates. This strategy not only improves the quality 

of learning but also strengthens the link between theory and practice, preparing students to face 

professional challenges in a more applicable and relevant way (Saputra & Juniawan, 2025).   

Although programming mastery is becoming an increasingly vital competency, the learning 

process in many universities still tends to focus on theoretical aspects and memorization of basic 

concepts. Student competency assessment is generally conducted through written exams or 

multiple-choice tests, which only measure declarative knowledge without reflecting real-world 

practical abilities. As a result, students' skills in developing algorithms, writing code, debugging, 

and optimizing programs are not fully monitored. This condition makes evaluation less relevant to 

the needs of the professional world, because students are not tested on their ability to apply 

concepts to solve real-world problems (Ashari et al., 2025). Thus, conventional assessment models 

are less able to comprehensively describe the level of programming skill mastery. Evaluation 

approaches that emphasize practice and critical thinking processes are essential to closing this gap. 

Assessments that are solely theory-oriented are insufficient to prepare students to face the 

challenges of a dynamic technological world. Therefore, a more authentic and comprehensive 

competency measurement strategy is needed so that evaluation results better reflect students' 

practical abilities. The integration of performance-based assessment methods is expected to increase 

the validity of measurements and the relevance of programming education to the needs of industry 

and contemporary technology (Fitri & Habibie, 2025). 

The gap between theoretical understanding and practical application is a crucial issue in 

programming education. Although students are able to master basic concepts, they often struggle 

when trying to apply them to solve real-world problems. This situation emphasizes the need for an 

evaluation model that assesses not only the final results, but also students' critical thinking 

processes, problem-solving skills, and creativity in programming. This type of assessment is 

expected to improve the quality of learning and prepare students to face professional demands in a 

more applicable way. Performance assessment, or performance-based assessment, has emerged as 

an approach that emphasizes competency evaluation through real-world, authentic tasks (Dewanto 

et al., 2025). In the programming context, this method provides students with the opportunity to 

demonstrate their skills in developing algorithms, writing code, testing programs, and solving 

practical problems. This approach differs from traditional evaluations because it assesses not only 

the final product but also the student's thought process, problem-solving strategies, and ability to 

adapt solutions to real-world situations. Thus, performance assessment offers a more holistic and 

relevant assessment method for measuring students' programming competencies comprehensively 

(Salsabila et al., n.d.). 
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The development of a performance assessment-based competency testing model is expected to 

produce more accurate and representative data regarding student abilities. This model is designed to 

allow lecturers to assess various dimensions of programming skills, from algorithm planning and 

code implementation to debugging and program optimization. Furthermore, the implementation of 

this model allows for constructive feedback, allowing students to reflect on their abilities and 

improve their mastery of practical skills (Putri et al., 2025). This study uses a quantitative-

descriptive approach combined with a literature review to design a comprehensive performance-

based evaluation instrument. Data were obtained through model trials on Informatics Engineering 

students, with assessments using a rubric that measures the four main dimensions of programming 

skills. Furthermore, data analysis was conducted using descriptive statistics to map the distribution 

of student abilities and correlation analysis to assess the validity and reliability of the instrument. 

With this approach, the model can be applied systematically and consistently, providing a 

comprehensive picture of student competencies, and supporting the development of more effective, 

real-life skills-based learning strategies (Mandowen et al., 2025). 

The research findings revealed that performance-based assessments were able to assess 

students' abilities with a higher degree of accuracy than traditional evaluation methods. The analysis 

showed that students were relatively more proficient in code implementation, while debugging and 

program optimization skills still needed improvement. This confirms that performance-based 

evaluations not only assess final results but also examine students' critical thinking processes, 

problem-solving abilities, and creativity in completing programming assignments. Therefore, this 

performance assessment model can be used as an effective evaluation strategy to strengthen the 

quality of programming learning. Furthermore, this approach provides constructive feedback for 

students to continuously develop practical skills (Tanjung et al., 2025). The application of this 

model also helps lecturers identify areas for improvement and focus on areas of lesser mastery. 

Overall, this strategy facilitates the development of students' comprehensive competencies. Beyond 

technical aspects, this evaluation encourages students to think more analytically and creatively. In 

other words, performance assessment combines practical competency measurement with reflective 

learning oriented toward mastering real-world skills. This approach is expected to prepare students 

to face professional challenges in the world of information technology in a more applicable and 

relevant way (Wonoseto et al., 2025). 

Several previous studies are relevant to this study, although their focus and scope differ. Smith 

(2018) highlighted project-based evaluation in programming learning, but this study was limited to 

students' ability to implement code. Li and Chen (2020) discussed the use of rubric-based 

assessment, but their focus was on only one skill aspect: debugging. Furthermore, Ahmad (2021) 

explored the application of performance assessment to assess students' practical skills, but this study 

did not specifically measure program optimization skills. Unlike the three previous studies, this 

study designed a more comprehensive competency testing model by assessing four key dimensions 

of programming: algorithm planning, code implementation, debugging, and program optimization. 

With this approach, the evaluation not only assesses the final results but also students' thinking 

processes, problem-solving, and creativity. This model is expected to provide a more 

comprehensive picture of students' programming skills mastery while offering opportunities for 

improvement and strengthening learning strategies at the tertiary level. Thus, this research makes a 

more comprehensive contribution to the development of authentic and applicable programming 

competency assessment methods. 
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RESEARCH METHODOLOGY 

This research applies a quantitative-descriptive approach combined with experimental 

methods and literature review, with the aim of designing and implementing a performance-based 

evaluation instrument for students. This approach allows for authentic and comprehensive 

assessment of programming competency, as it focuses on students' ability to complete real-world 

tasks, not just theoretical mastery (Pare et al., 2026). Literature studies were used to build a 

conceptual framework and develop assessment rubric references, ensuring that the developed 

instrument has both scientific validity and practical relevance to the programming learning context 

in higher education. Research data was obtained through model trials on Informatics Engineering 

students, followed by assessment using a rubric that evaluates four main dimensions: algorithm 

planning, code implementation, debugging, and program optimization. With this approach, the 

assessment not only assesses the final result but also the students' thinking processes, problem-

solving skills, and creativity in programming. The applied research flow facilitates visualization of 

the research stages and ensures that each step supports the overall goal of performance-based 

competency evaluation (Alfiyanti et al., 2025). 

 
Figure 1. Research process 

 

Data analysis was conducted using descriptive statistics to map the distribution of student 

abilities across each assessed programming dimension. Correlation analysis was also applied to 

assess the validity and reliability of the instrument, ensuring that the competency testing model 

delivers consistent and accurate results. This approach allows for a comprehensive evaluation of 

students' cognitive and practical skills, including critical thinking, problem-solving, and creativity 

in program development. This method allows for a more comprehensive and authentic assessment 

model development, while also providing constructive feedback for both students and lecturers 

(Bhuwaneswari et al., 2025) 
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The analysis results not only show the level of student competency mastery, but also serve as 

a reference for refining learning strategies, designing more effective practicum materials, and 

preparing students to face professional challenges in the field of information technology. Thus, the 

application of a quantitative-descriptive approach supported by experiments and literature studies 

has proven effective in improving the quality of evaluation and programming teaching practices, 

while simultaneously encouraging the improvement of student abilities in a holistic manner that is 

relevant to industry needs (Permana et al., 2025). 

 

RESULT AND DISCUSSION 

Measuring students' programming skills using a performance assessment-based testing model 

provides a more comprehensive understanding than traditional evaluation methods. The data 

analysis shows the distribution of students' competencies across four key programming dimensions: 

algorithm planning, code implementation, debugging, and program optimization. This model not 

only assesses the final outcome of programming assignments but also evaluates students' critical 

thinking processes, problem-solving abilities, and creativity in compiling and developing programs. 

Initial findings indicate that most students have the strongest skills in code implementation, while 

debugging and program optimization still require more attention through intensive practice and 

additional guidance. Therefore, implementing a performance assessment model allows for a more 

authentic and comprehensive evaluation, while providing a solid foundation for developing more 

effective and tailored learning strategies. This method allows instructors to gain a detailed 

understanding of students' strengths and weaknesses in each programming dimension and provides 

useful information for designing more targeted teaching interventions. Evaluation conducted using 

this approach not only assesses technical skills but also emphasizes analytical and creative thinking 

processes, which are essential competencies for mastering modern programming. In this way, the 

performance assessment-based competency testing model becomes a relevant tool for improving the 

quality of programming learning at the tertiary level. 

Furthermore, the implementation of a performance-based assessment rubric enabled 

researchers to obtain valid and consistent quantitative data. Scores on each dimension were 

evaluated using descriptive statistics, while correlation analysis between dimensions was used to 

ensure the consistency and reliability of the model. These findings provide a deeper understanding 

of students' competency mastery levels and identify areas that require reinforcement in 

programming learning at universities. With the data obtained, instructors can design more effective 

learning intervention strategies, adjust lab materials, and pay special attention to programming 

aspects that students lack mastery, thus making the learning process more focused, relevant, and 

practically beneficial. 

Table 1. Distribution of student scores on the algorithm planning and code implementation 

dimensions 

Student Algorithm Planning (0-100) Code Implementation (0-100) 

M1 78 88 

M2 82 91 

M3 75 85 

M4 80 89 

M5 77 87 
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The table indicates that students' scores on code implementation were consistently higher than 

those on algorithm planning. This pattern suggests that students tend to rely on procedural and trial-

and-error approaches when completing programming tasks, rather than engaging in structured 

problem decomposition at the planning stage. The relatively lower performance in algorithm 

planning reflects a gap in students’ ability to translate problems into systematic logical steps before 

coding, which is a fundamental aspect of computational thinking. This condition may be influenced 

by learning practices that emphasize immediate coding activities without sufficient reinforcement of 

pre-coding design processes such as flowchart development, pseudocode construction, or problem 

abstraction. 

 
Figure 2. Distribution of student scores on algorithm planning and code implementation 

 

The chart illustrates the performance of five students (M1–M5) in two dimensions: Algorithm 

Planning and Code Implementation. Overall, students achieved higher scores in Code 

Implementation than in Algorithm Planning. Student M2 obtained the highest scores in both 

dimensions, with 82 points in Algorithm Planning and 91 points in Code Implementation. 

Meanwhile, M3 recorded the lowest scores, achieving 75 and 85 points, respectively. The results 

indicate that students generally demonstrated stronger abilities in implementing code than in 

planning algorithms, suggesting a relatively consistent level of practical programming proficiency 

across the group. 

From a cognitive perspective, code implementation is often associated with lower to mid-level 

thinking skills, where students apply known syntax and patterns. In contrast, algorithm planning 

requires higher-order thinking skills, including analysis, abstraction, and logical structuring. The 

disparity between these two dimensions indicates that students have not yet fully developed the 

ability to think algorithmically, even though they can execute code effectively. This finding is 

consistent with previous studies that highlight that novice programmers often struggle more with 

problem formulation than with code execution. 

Furthermore, this result has important implications for instructional design. It indicates that 

programming instruction should not only focus on coding practice but also systematically integrate 

activities that strengthen algorithmic thinking. Structured interventions such as guided problem 

decomposition, iterative design tasks, and explicit teaching of algorithm design strategies are 

needed to bridge this gap. By reinforcing the planning stage, students can develop more efficient, 

structured, and scalable programming solutions, which ultimately improves both the quality of code 

implementation and overall problem-solving performance. 
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Table 2. Distribution of student scores on the debugging dimension 

Student Debugging (0-100) 

M1 65 

M2 70 

M3 60 

M4 68 

M5 62 

 

The table shows that students' debugging skills tend to be lower compared to other 

programming dimensions. These results emphasize the importance of providing additional, focused 

training to hone students' skills in detecting, analyzing, and correcting code errors in a structured 

and systematic manner. A learning approach geared toward improving debugging skills can help 

students understand common error patterns, improve problem-solving accuracy, and build 

confidence in facing complex programming challenges. Therefore, consistent and targeted practice 

is an important strategy for strengthening students' practical competencies in the program 

development process. This effort will also support the achievement of more comprehensive 

programming mastery, enabling students not only to become proficient in writing code but also to 

optimize the quality and effectiveness of the resulting code. Significantly improving debugging 

skills will strengthen the foundation of programming competencies, enabling students to approach 

real-world programming projects or assignments with greater confidence, and enhancing their 

readiness to face professional challenges in the world of information technology. Therefore, 

focusing on debugging practice is a strategic step in enhancing the programming learning process, 

while also supporting the development of students' critical thinking and problem-solving skills. 

Additionally, the relatively low debugging scores indicate that students face difficulties in 

higher-order cognitive processes, particularly in identifying the root causes of errors and applying 

systematic correction strategies. This suggests that students may still rely on surface-level 

approaches, such as guessing or repetitive code modification, rather than using structured 

debugging techniques. From an instructional perspective, this finding highlights a gap in the 

learning process, where debugging is often treated as a secondary skill rather than an integral part of 

programming competence. Consequently, there is a need to integrate explicit debugging instruction, 

including error analysis frameworks, step-by-step tracing methods, and reflective evaluation of 

coding mistakes. Strengthening this aspect will not only improve students’ accuracy in resolving 

errors but also enhance their analytical thinking and ability to develop more reliable and efficient 

programs. 

Table 3. Distribution of student scores on the program optimization dimension 

Student Program Optimization (0-100) 

M1 58 

M2 61 

M3 55 

M4 60 

M5 57 

 

The analysis indicates that the program optimization dimension is the area that requires the 

most attention and further development. Students face challenges in designing effective code and 
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maximizing the efficient use of resources, making this capability relatively weak compared to other 

dimensions. This situation indicates the need for specific interventions, such as additional practice, 

best practice guides, and direct guidance from instructors, to enable students to improve their 

program optimization skills. Improving competency in this aspect is not only crucial for completing 

practical assignments but also for preparing students to face the professional demands of the 

programming world. By focusing on strengthening optimization, students can learn to design more 

concise, efficient, and maintainable code, while simultaneously developing analytical and strategic 

thinking skills. Furthermore, improving optimization skills also encourages creativity in finding 

optimal programming solutions, strengthens problem-solving abilities, and improves the overall 

quality of program output. This additional guidance can be provided through practical modules, 

real-world case studies, and structured performance-based evaluations. With this support, it is 

hoped that students will be able to balance code implementation skills with optimization, resulting 

in a more comprehensive and applicable mastery of programming competencies. These results 

confirm that performance assessment-based evaluations can identify specific areas of weakness and 

serve as the basis for more targeted learning improvement strategies. 

The comprehensive analysis shows that the performance assessment-based testing model is 

able to assess student competency with a higher level of accuracy than traditional examination 

methods. This approach emphasizes students' strengths in code implementation skills while 

identifying areas that still need development, such as debugging and program optimization. With 

comprehensive capability mapping, lecturers can provide constructive feedback and design learning 

strategies that are more targeted and tailored to student needs. Overall, the implementation of the 

performance assessment model has proven effective in measuring programming skills authentically 

and comprehensively, which are not only relevant to the academic context, but also to the 

professional demands of the information technology world. This model assesses not only the final 

results, but also students' critical thinking processes, creativity, and problem-solving abilities, thus 

becoming an evaluation tool that plays a role in improving the quality of learning, strengthening 

practical understanding, and preparing students to face career challenges in the information 

technology field in a more applicable and realistic manner. 

The study results indicate that the implementation of a performance assessment-based 

competency testing model can provide a more comprehensive evaluation of students' programming 

abilities compared to conventional examination methods. Performance-based assessment allows for 

authentic measurement, encompassing not only theoretical aspects but also students' practical skills 

in solving real-world programming problems. This model highlights students' strengths in code 

implementation while also revealing areas that still need to be strengthened, such as debugging and 

program optimization skills. With this approach, the assessment focuses not only on the final results 

but also examines students' critical thinking processes, creativity, and problem-solving 

abilities.(Gavriel, 2025)The results provide a holistic picture of individual competencies, which can 

be used to design more effective learning strategies. Furthermore, this evaluation supports lecturers 

in providing constructive feedback, tailoring lab materials to student needs, and encouraging the 

development of applicable technical skills. The implementation of performance assessment also 

helps students understand the relationship between concepts and practice, thereby increasing the 

relevance of learning to professional challenges. Thus, this model serves as a comprehensive, 

authentic, and relevant evaluation tool that measures not only knowledge but also critical and 

creative thinking skills in a programming context. This approach supports active learning and 

student preparation for the information technology workforce. This performance-based evaluation 
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also serves as a reference for improving the quality of the curriculum and teaching methods in 

related study programs.(Wipayana, 2025). 

The comprehensive analysis indicates that the implementation of a performance assessment 

model can more accurately assess student competency than traditional examination methods. 

Students tend to demonstrate the strongest abilities in code implementation, reflecting their practical 

skills in executing algorithms accurately and efficiently. On the other hand, debugging and program 

optimization remain challenging areas for some students, requiring additional attention in planning 

learning strategies. By using this performance-based approach, instructors can provide specific and 

focused feedback and guide students to strengthen their technical skills and programming strategy 

abilities. This model not only assesses the final results but also allows for evaluation of students' 

thought processes in developing and executing programs.(Setiawan & Wandri, 2025). In addition, 

the performance assessment model encourages students to simultaneously develop logic, creativity, 

and problem-solving skills. The use of this instrument helps identify individual strengths and 

weaknesses, allowing learning to be more effectively directed. Overall, this approach provides a 

comprehensive picture of students' mastery of programming competencies and serves as a basis for 

improving the quality of teaching at the university level. This authentic evaluation ensures that 

students not only master theoretical concepts but also apply them in practical contexts relevant to 

the demands of the world of information technology.(Septiyanti et al., n.d.). 

Furthermore, the implementation of a performance assessment model emphasizes that 

evaluations do not solely assess the final result, but also highlight students' thought processes when 

facing programming problems. Students are encouraged to hone their logical, creative, and 

analytical skills as they develop code. This approach emphasizes active and reflective learning, 

making each step in programming a meaningful learning experience. By assessing both the process 

and the product, students gain a deeper understanding of concepts.(Akadji & Eka, 2025). 

Furthermore, this model enhances their ability to systematically design, test, and modify programs. 

Learning becomes more contextual as students work with assignments that mimic real-world 

challenges in the professional world. As a result, they not only master programming techniques but 

also prepare themselves for complex situations in the information technology industry. This 

performance-based evaluation facilitates the development of authentic problem-solving skills. 

Furthermore, students learn to harmoniously integrate theory and practice. This model also supports 

the development of soft skills, such as perseverance, focus, and analytical decision-making. Thus, 

performance assessment provides a comprehensive and applicable learning experience, shaping 

students into technically competent and prepared to face professional demands.(Putra, 2025). 

The results of this study indicate that the implementation of performance-based competency 

testing can serve as an effective evaluation strategy in the context of programming learning. This 

approach allows educators to identify the strengths and weaknesses of each student, allowing the 

learning process to be designed more personally and adaptively to suit individual needs. The 

integration of performance-based assessment into the curriculum opens up opportunities for 

lecturers to develop more applicable practicum activities, simultaneously combining theory and 

practice. Furthermore, this approach encourages students to develop critical thinking skills, 

problem-solving strategies, and analytical skills throughout the learning process.(Erlena, 

2025)Unlike traditional examination methods that only assess conceptual understanding, 

performance-based evaluation captures students' creative processes in solving programming 

challenges. Thus, the implementation of this model not only assesses the final results but also 

considers the quality of students' thinking processes and practical skills. This strategy also allows 

for more targeted and constructive feedback, which can increase students' motivation and readiness 
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to face professional challenges. Overall, the performance-based competency assessment model 

makes a significant contribution to the development of a relevant and applicable curriculum. This 

approach emphasizes the importance of comprehensive, authentic evaluation, which measures not 

only material mastery but also students' thinking process competencies, creativity, and problem-

solving in an integral manner.(Sariana & Billy, 2025). 

Furthermore, research findings indicate that implementing performance assessment can 

increase students' active participation in the learning process, as they are faced with challenges that 

reflect real-world professional conditions. By assessing aspects of algorithm planning, code 

implementation, debugging, and program optimization, this model is able to provide a 

comprehensive picture of students' programming competencies. The long-term impact of using this 

model is seen in improving the quality of learning and preparing students to face professional 

demands with relevant technical skills and strategies in the information technology 

industry.(Bhuana 2025). Furthermore, this approach encourages the development of a skills-based 

curriculum that is authentic, applicable, and aligned with modern needs. Students not only learn 

theory but also hone practical skills that can be applied in real life. This type of performance 

assessment fosters awareness of the importance of process quality, not just the end result. Thus, 

performance assessment provides added value in developing holistic competencies, including 

problem-solving skills, critical thinking, and creativity in programming.(Nisa et al., 2026)This 

model also emphasizes the importance of continuous evaluation to identify areas of improvement 

and potential student development. Integrating this method into higher education ensures learning is 

relevant to industry demands and technological developments. Therefore, performance assessment 

is an effective strategic tool in preparing students to compete professionally and adaptably in the 

digital era.(Puspitasari et al., 2025). 

 

CONCLUSION  

This study demonstrates that a performance assessment-based competency testing model 

provides a more authentic and comprehensive evaluation of students’ programming skills than 

traditional examination methods. The findings reveal that students perform better in code 

implementation, while debugging and program optimization remain areas that require further 

improvement. 

The main contribution of this study lies in the development of an authentic assessment model 

that integrates multiple dimensions of programming competence, including algorithm planning, 

implementation, debugging, and optimization. This model not only evaluates learning outcomes but 

also captures students’ critical thinking, problem-solving, and creativity in a structured manner. 

Therefore, it offers a practical and relevant evaluation approach that supports the improvement of 

programming education and aligns with professional demands in the field of information 

technology. 
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