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ABSTRACT

Introduction: the present study proposes to develop a psychomotor skill evaluation instrument for servicing 
and maintenance of motorcycles equipped with electronic fuel injection (EFI). The instrument is designed 
based on the operational procedure for a motorcycle. The result is the assessment of automotive students’ 
psychomotor abilities.
Methods: the development procedure was conducted utilizing the research and development framework. 
The development guideline was derived from Borg and Gall, which we condensed into six steps. To assess the 
validity and reliability of the instrument, Partial Least Squares Structural Equation Modeling (PLS-SEM) was 
employed.
Results: the developed psychomotor skill instrument is categorized as valid, practical, and reliable for 
assessing students’ psychomotor skills. Examination revealed that students’ performance was inconsistent 
with respect to standard operating procedures, resulting in findings that failed to meet employment 
requirements. This study involved two students who, after getting additional instruction, enhanced their 
work processes and therefore improved their psychomotor skills.
Conclusions: the implemented instruments provide valid, reliable, and useful categories for assessing 
students’ psychomotor skills. This measure may evaluate students’ ability to integrate cognitive outcomes 
into psychomotor skills.

Keywords: Engineering Student; Performance; Psychomotor Skill; Service and Maintenance; Vocational 
Student.

RESUMEN

Introducción: el presente estudio propone desarrollar un instrumento de evaluación de habilidades 
psicomotoras para el servicio y mantenimiento de motocicletas equipadas con inyección electrónica de 
combustible (EFI). El instrumento está diseñado con base en el procedimiento operativo de una motocicleta. 
El resultado es la evaluación de las habilidades psicomotoras de estudiantes de automoción. 
Método: el procedimiento de desarrollo se llevó a cabo utilizando el marco de investigación y desarrollo. 
La guía de desarrollo se derivó de Borg y Gall, la cual se condensó en seis pasos. Para evaluar la validez 
y confiabilidad del instrumento, se empleó el Modelo de Ecuaciones Estructurales por Mínimos Cuadrados
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Parciales (PLS-SEM).
Resultados: el instrumento de habilidades psicomotoras desarrollado se clasifica como válido, práctico y 
confiable para evaluar las habilidades psicomotoras de los estudiantes. El examen reveló que el desempeño 
de los estudiantes fue inconsistente con respecto a los procedimientos operativos estándar, lo que resultó en 
hallazgos que no cumplieron con los requisitos de empleo. Este estudio involucró a dos estudiantes que, tras 
recibir instrucción adicional, mejoraron sus procesos de trabajo y, por lo tanto, sus habilidades psicomotoras.
Conclusiones: los instrumentos implementados proporcionan categorías válidas, confiables y útiles para 
evaluar las habilidades psicomotoras de los estudiantes. Esta medida puede evaluar la capacidad de los 
estudiantes para integrar resultados cognitivos en sus habilidades psicomotoras.

Palabras clave: Estudiante de Ingeniería; Rendimiento; Habilidad Psicomotora; Servicio y Mantenimiento; 
Estudiante de Formación Profesional.

INTRODUCTION
The challenges presented by disruptive technological advancements in the contemporary workforce 

necessitate heightened competency expectations for graduates of vocational school.(1) The Directorate General 
of Vocational Education in Indonesia implements the concept of Bring Industry to School: Bring Attitude, Bring 
Project, and Bring Best Learning, integrating industrial attitude, professionalism, character, and industrial 
projects into the classroom. This is implemented to enhance the efficacy and efficiency of learning.(2) Vocational 
education in Indonesia is a multifaceted process essential for the advancement of individuals and society, 
encompassing the transmission of knowledge, skills, and values. Education functions as a mechanism for social 
transformation, fostering social advancement, reform, and the integration of cultural values.(3) Education 
encompasses not only academic instruction but also the development of maturity, independence, and social 
responsibility in persons.(4) Education is an ongoing process that adjusts to societal changes, technological 
progress, and the shifting requirements of individuals and communities. Ultimately, education enables persons 
to comprehend their surroundings, acknowledge their rights, enhance their lives, and contribute to societal 
advancement.(5)

Vocational education is crucial for human resource development as it improves skills and competences 
necessary for economic progress and individual success.(6) Vocational education is essential for enhancing the 
quality of the school system, particularly in delivering practical training and professional skills applicable in 
the workforce. Numerous studies underscore the significance of vocational education in narrowing the income 
disparity, enhancing workers’ incomes, and fostering development.(7,8,9) Vocational education cultivates work-
ready graduates equipped with skills aligned with labor market demands, necessitating the acquisition of new 
competencies and abilities.(10,11,12)

Learning assessment in Vocational Education can be conducted through four methods:  Practical project, 
which entails a project necessitating laboratory facility such as maintenance tasks and testing of vehicle power 
and torque, Visit/survey project, wherein students observe the manufacturing and assembly processes in the 
automotive industry or visit a fuel quality testing facility, Programming project, entailing the development 
of programming code utilizing engineering software, Theoretical project, designed to enhance learners’ 
comprehension through in-depth research activities.(13,14,15)

According to the findings from observations conducted during the July-December 2023 and January-June 
2024 semesters, several issues have been identified regarding the assessment of students’ psychomotor skills in 
the Automotive Engineering Study Program at the Faculty of Engineering, Padang State University. Specifically, 
lecturers prioritize cognitive and affective evaluations over psychomotor assessments. Out of the 21 mandatory 
courses within the program that encompass the psychomotor domain, only 11 courses (52,38 %) implemented 
psychomotor assessments, while the remaining courses solely administered oral examinations on practical 
material. Research findings indicate that students typically excel in the psychomotor and affective domains 
relative to the cognitive domain.(16,17) It has been contended that evaluating all three domains is essential for 
producing graduates with comprehensive capabilities that align with industry requirements.(18) While evaluation 
in higher education is deemed congruent with student learning activities, notable discrepancies exist in its 
reflection of actual job activities.(19)

The psychomotor competency assessment instruments employed have not been optimally developed by 
lecturers for conducting psychomotor evaluations, including for service and maintenance of motor cycle with 
electronic fuel injection for automotive engineering. Out of 21 mandatory courses within the study program 
that encompass the psychomotor domain, only 5 courses (23,8 %) have established psychomotor assessment 
instruments. These instruments are crucial for assessing students’ practical skills and abilities, emphasizing 
the psychomotor domain across diverse educational contexts. Research studies underscore the necessity of 

Data and Metadata. 2025; 4:910  2 



creating valid and reliable assessment instruments for evaluating psychomotor skills.(20,21) Assessment tools are 
crafted to evaluate learners’ performance in tasks necessitating physical coordination and dexterity, offering 
significant insights into learning outcomes and the practical application of knowledge in practical situations.(22)

Lecturers struggle to comprehend the competency specifications and performance criteria for the psychomotor 
assessment of abilities that students should acquire post-lectures. This issue is evident from interviews conducted 
by the author with various lecturers, who encounter challenges in grasping the psychomotor assessment criteria 
for essential competencies. This prevalent problem is particularly pronounced in higher education, where 
competency-based assessment models for educators remain scarce.(23,24,25) Methods for instructing and assessing 
psychomotor skills differ significantly, reflecting a lack of agreement in the discipline.(26) To tackle this difficulty, 
it is essential to define explicit criteria that fit with educational curricula, professional standards, and increasing 
occupational requirements to ensure the successful assessment and improvement of psychomotor skills for 
graduates.(27,28) Particularly, psychomotor skills instruments that have been developed by previous researchers 
have not been identified. Therefore, this research aims to create a psychomotor skills instrument specifically for 
the repair and maintenance of motorcycles equipped with EFI systems. This instrument was created based on 
the developmental ideas established by Borg and Gall.(29,30,31) This study was distilled into six steps: Research and 
Information Collection, Planning, Development of Preliminary Product Form, Field Testing and Product Revision, 
Final Product Revision, and Dissemination and Implementation. The concept of Partial Least Squares Structural 
Equation Modeling (PLS-SEM) was employed to assess validity and reliability. Additionally, it pertains to students 
who have participated in lectures on the repair and maintenance of motorbikes equipped with EFI systems.

METHOD
The process of creating psychomotor assessment instruments in automotive engineering vocational education 

adheres to the Borg & Gall model.(31) Research and Development in education encompasses ten steps: research 
and information collection, planning, development of preliminary product form, preliminary field testing, 
revision of main product, main field testing, revision of operational product, operational field testing, final 
product revision, and dissemination and implementation. The ten steps are delineated as follows: execute 
research and information acquisition, undertake planning, create the preliminary version of the product, 
perform initial field trials, amend the primary product, conduct principal product field trials, refine the final 
product, implement operational field testing, revise the final product, distribute and execute the product.

The Borg and Gall development research methodology, originally comprising 10 processes, can be streamlined 
into six principal stages. Maksum et al.(31) suggests that in their research, it is prudent to confine the study to a 
smaller size, which may include reducing the number of research steps. The research process is confined to six 
stages based on the study’s requirements and goals: research and information gathering, planning, development 
of preliminary product form, field testing and product revision, final product revision, dissemination and 
implementation as shown in figure 1.

Figure 1. 6 Main steps of Borg and Gall research(31)

Figure 2. Scheme 6 Research and Development Steps for Automotive Engineering Vocational Education Psychomotor 
Assessment Instruments
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The development research process, as outlined by Borg and Gall,(32,33) consists of five primary components, 
according to the evaluation by the: examine the product to be created, creation of the preliminary product, 
expert evaluation and modification, limited field testing and product refinement, extensive field trial and 
finalization of the product. This study’s product development framework integrates the six primary steps of 
Borg & Gall with the five principal steps of the model development. The researcher subsequently adapts and 
amalgamates these two perspectives into six research stages aimed at developing psychomotor assessment 
instruments in Automotive Engineering Vocational Education, as illustrated in figure 2. Based on the 6-step 
research and development scheme in figure 2, then used as a guideline for the procedure for developing 
psychomotor assessment instruments in Automotive Engineering Vocational Education, for more details can be 
seen in figure 3.

Figure 3. Psychomotor Assessment Instrument Development Procedure in Automotive Engineering Vocational Education

In the research and development of psychomotor assessment instruments within Automotive Engineering 
Vocational Education, three stages are identified: theoretical or conceptual psychomotor assessment 
instruments, hypothetical psychomotor assessment instruments, and final psychomotor assessment instruments, 
which are commonly utilized in the development of assessment instrument. The theoretical psychomotor 
assessment instrument is a conceptual framework derived from theoretical analyses, literature reviews, and 
empirical research. This phase elucidates the interconnections among the diverse concepts and variables 
under examination, as depicted in figure 4. The proposed psychomotor assessment instrument is a provisional 
representation of design and development outputs, grounded in assumptions and forecasts regarding the 
interactions among concepts and variables within the theoretical psychomotor assessment instruments. At this 
stage, the instrument is subjected to a validation process involving revisions from experts, including 10 lecturer 
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of automotive academics, 2 practitioners are service advisor of workshop departemen head of otomotive dealer, 
and stakeholders are linguistic and evaluation experts. This psychomotor assessment instrument undergoes field 
testing and data collection, followed by final product revision. The final psychomotor assessment instrument 
has been validated and refined based on empirical research findings, thereby providing a more precise 
comprehension of the relationship between the studied concepts and variables.(34) The results are presented in 
table 2. This study identifies psychomotor process skills as abilities connected to physical movement involving 
limbs, encompassing reflex actions, fundamental movements, perceptual skills, accuracy, complicated skills, 
and both expressive and interpretive capabilities.(35) Table 1 illustrates psychomotor process skills.

Table 1. Psychomotor skill category
Psychomotor process Definition 

P1 Imitation Imitation means imitating someone’s actions, imitation is the ability 
to perform simple activities and exactly the same as those seen or 
observed before, and can do the job well.

P2 Manipulation Manipulation means performing a skill or producing a product in a 
way that follows general instructions rather than observation. In 
this category, learners are guided through instructions to perform a 
particular skill, constructing or assembling a workpiece.

P3 Precision Precision means independently performing a skill or producing a 
product with accuracy, proportion and precision. Colloquially, this 
category is expressed as ‘advanced level’, performing work with 
correct procedures.

P4 Articulation Articulation means modifying a skill or product to suit a new situation, 
or combining more than one skill in a harmonious and consistent 
sequence, performing a task well and precisely.

P5 Naturalis Naturalisation means completing one or more skills with ease and 
making the skill automatic with existing physical or mental energy. In 
this category, the nature of the activity is automatic, mastery of the 
activity is conscious, and mastery of related skills is at a strategic level. 
Performing work or actions naturally.

The data analysis method employed to assess validity and reliability in the Partial Least Squares-Structural 
Equation Model (PLS-SEM) involves evaluating the Cronbach’s Alpha, Composite Reliability (CR), and Average 
Variance Extracted (AVE) values in the PLS-SEM output, with recommended thresholds exceeding 0,6 for CR 
and Cronbach’s Alpha, and surpassing 0,5 for AVE.(36) Additionally, to assess the feasibility, evaluations will be 
conducted on students who have completed the motorcycle technology course. The application comprises 16 
meetings involving 14 students, with the psychomotor ability exam administered during meetings 8 and 16. 
Consequently, this instrument facilitates the straightforward prediction and analysis of psychomotor abilities. 
Lecturers can also evaluate the learning process in addition to assessing psychomotor ability.

Figure 4. Model framework of psychomotor instrument

RESULTS 
For more accurate validity and reliability of the motorcycle periodic service psychomotor competency 

assessment instrument, calculated using PLS-SEM, as in figure 5. Furthermore, based on the results obtained, 
the results of the calculation of the validity of the trial test of the motorcycle periodic service psychomotor 
competency assessment instrument, as in table 2.
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Figure 5. Validity and reliability using PLS SEM

As shown in table 2, the results of the calculation of the validity of the trial of the motorbike periodic 
service competency assessment instrument, the number of assessment indicators as many as 33 indicators, the 
Outer Loadings value calculated using PLS -SEM is greater than the Outer Loadings Reference Value (0,70); so 
it can be concluded that all assessment indicators are valid, so they are suitable for use as an instrument for 
assessing psychomotor competence.

According to table 3, the reliability results of the Motorcycle Periodic Service psychomotor competency 
assessment instrument utilizing the EFI system indicate that all indicators of Cronbach’s Alpha exceed the 
reference value of 0,70. Therefore, it can be concluded that all assessment indicators are reliable and 
appropriate for use as a psychomotor competency assessment instrument. Additionally, the practicality test, 
conducted 16 times, including evaluations at meetings 8 and 16, yielded results as presented in table 4 and 
illustrated in figure 6.

Table 2. Validity of the Motorcycle Periodic Service Competency Assessment Test Instrument (Calculation Results 
with PLS-SEM)

No.
Psychomotor 
competence 

indicator
Indicator Outer 

Loadings

Ference 
value of 
Outer 

Loadings

Description

1

Preparation

1.1 Using Personal Protective Equipment 0,968 0,70 Valid
2 1.2 Check all work instructions 0,933 0,70 Valid
3 1.3 Checking all equipment (Initial check) 0,959 0,70 Valid
4 1.4 Using of Service Manual 0,937 0,70 Valid
5 1.5 Putting up vehicle protection 0,965 0,70 Valid
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Table 2. Validity of the Motorcycle Periodic Service Competency Assessment Test Instrument (Calculation Results 
with PLS-SEM)

No.
Psychomotor 
competence 

indicator
Indicator Outer 

Loadings

Ference 
value of 
Outer 

Loadings

Description

6

Process 
(systematics and 
method of work)

2.1 Checking the battery 0,939 0,70 Valid

7 2.2 Checking the air filter 0,908 0,70 Valid
8 2.3 Checking the quantity and quality of 

engine oil 0,932 0,70 Valid

9
2.4

Carry out inspection and cleaning of 
the fuel filter 0,929 0,70 Valid

10 2.5 Carry out spark plug gap checks and 
adjustments 0,895 0,70 Valid

11 2.6 Carry out valve gap checks and 
adjustments 0,932 0,70 Valid

12
2.7

Perform fuel mixture and engine speed 
adjustments 0,915 0,70 Valid

13 2.8 Carry out clutch freedom checks and 
adjustments 0,950 0,70 Valid

14 2.9 Carry out a working check of the 
lighting system (lights) 0,924 0,70 Valid

15 2.10 Carry out inspection and adjustment of 
brake lever free motion 0,906 0,70 Valid

16
2.11

Carry out inspection and adjustment of 
wheel chain free motion 0,917 0,70 Valid

17 2.12 Carry out steering shaft tightness check 0,914 0,70 Valid
18

2.13
Carry out tyre condition checks and 
measure tyre pressure 0,914 0,70 Valid

19

2.14

Carry out inspection and tighten the 
fastening bolts (frame, engine, starter 
lever, transmission lever)

0,955 0,70 Valid

20 2.15 Implement the use of manual book 0,935 0,70 Valid
21

2.16
Carry out cleaning of equipment, work 
areas and media 0,930 0,70 Valid

22
Working results

3.1 Engineering Rigour and Skills 0,950 0,70 Valid
23 3.2 Quality of Work 0,948 0,70 Valid
24

Working attitude

4.1 Accuracy 0,918 0,70 Valid
25 4.2 Neatness 0,923 0,70 Valid
26 4.3 Discipline 0,919 0,70 Valid
27 4.4 Serenity 0,909 0,70 Valid
28 4.5 Focus 0,826 0,70 Valid
29 4.6 Research 0,948 0,70 Valid
30 4.7 Communicative 0,929 0,70 Valid
31

Time
5.1 Work completion time 0,964 0,70 Valid

32 5.2 Timeliness 0,899 0,70 Valid
33 5.3 Speed of completion 0,966 0,70 Valid

Table 3. Reliability of the Motorcycle Periodic Service Competency Assessment Test Instrument

Indicator Cronbach’s 
Alpha rho_A Composite 

Reliability
Average Variance 
Extracted (AVE)

Reference 
value Description

Work Preparation 0,975 0,975 0,980 0,908 0,70 Reliable 
Work Process 0,989 0,989 0,990 0,855 0,70 Reliable 
Work results 0,889 0,889 0,947 0,900 0,70 Reliable 
Working attitude 0,966 0,967 0,971 0,830 0,70 Reliable 
Time 0,938 0,938 0,961 0,891 0,70 Reliable 
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Tabel 4. Psychomotor skill automotive student 

No. Student 
code Maximum score

Psychomotor skill score 
Gain score Average score at 

1-7 class 
Average score at 

9-15 class
1 A 100 81 88 0,37
2 B 100 80 88 0,40
3 C 100 80 86 0,30
4 D 100 82 86 0,22
5 E 100 70 85 0,50
6 F 100 74 88 0,54
7 G 100 82 90 0,44
8 H 100 80 87 0,35
9 I 100 85 90 0,33
10 J 100 83 88 0,29
11 K 100 85 92 0,47
12 L 100 90 98 0,80
13 M 100 95 98 0,60
14 N 100 95 98 0,60

This instrument enables the professor to conduct a comprehensive assessment, as the observation spans 
the entirety of the assignment. Any deficiencies encountered by students can be identified for enhancement in 
subsequent learning scenarios. As illustrated in student numbers 5 and 6. Both students identified deficiencies 
in their performance, particularly with the work process and work ethic. During the motorbike service utilizing 
the EFI system, the two students did not consistently consult the service and maintenance instructions. 
Consequently, their work lacks organization. Consequently, numerous tasks are inadequately executed, 
adversely affecting the quality control process in assessing the findings related to bolts on the air filter and the 
transmission lever. This may be lethal to the driver and occupants of the car. In meetings 9 to 15, the emphasis 
on enhancing the work process can be further underscored in accordance with the working characteristics of 
students 5 and 6, as well as all students. Students 5 and 6 have demonstrated significant improvement, with 
student 5’s score increasing from 70 to 85, resulting in a gain score of 0,50; and student 6’s score rising from 
74 to 88, yielding a gain score of 0,54. Consequently, the scores achieved by students rose in accordance with 
the actual conditions reported by instructors on student competencies.

Figure 6. psychomotor student in service and maintenance of motor cycle with EFI
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DISCUSSION
Psychomotor assessment has a significant role in the learning process as it focuses on measuring students’ 

physical, movement and manipulative skills. In addition, psychomotor skills involve cognitive abilities with body 
movements resulting from cognitive intelligence, coordination, and tool use. These skills are particularly relevant 
in lessons such as Laboratory practice for automotive engineering students.(12) Psychomotor assessment helps 
students develop competencies through hands-on practice coordinated by cognitive abilities. These assessments 
ensure students can máster movements that match the learning standards.(37) Psychomotor assessment has also 
been shown to contribute to the formation of students’ participatory skills. It encourages them to participate 
more actively in learning activities and apply these skills in daily life.(13) Using the instrument developed in this 
study can see students’ abilities both cognitively when they prepare for work with psychomotor abilities when 
they complete work.(22) 

A comprehensive assessment of students psychomotor abilities enables a teacher to utilize it as a reflective 
instrument in the educational process. Consequently, the enhancement of the learning process might occur 
perpetually. The development of this instrument has been validated using the PLS-SEM test, as illustrated 
in figure 5. The test presented in table 1 can accurately assess students’ psychomotor skills in learning. This 
instrument can also be regarded as reliable based on the data presented in table 3. The prediction of students’ 
psychomotor ability is clearly demonstrated in table 5 and figure 6. Both elucidate an image depicting students’ 
psychomotor competencies in the learning process.

According to the findings of Koloji at al.,(38) vigorous physical movement during laboratory practice induces 
the release of endorphins and serotonin in the body. Endorphins, sometimes referred to as happy chemicals, 
can diminish pain perception and enhance positive emotions. Serotonin contributes to mood regulation. Thus, 
physical activity helps alleviate tension and anxiety.(28) Consequently, students who can integrate physical 
activity with cognitive skills are capable of establishing an effective work rhythm, demonstrating diligence and 
meticulousness to achieve favorable outcomes. During meetings 9-15, students are instructed to be meticulous 
and more comprehensive in their examination of the standard operating procedures in the EFI system motorbike 
service handbook. 

The objective is to cultivate in students an appreciation for the significance of adhering to proper directions 
in the workplace. Failure to adhere to and execute the instructions accurately will hinder the enhancement of 
the students’ psychomotor skills. This research indicates that enhancing psychomotor skills should incorporate 
approaches emphasizing positive reinforcement and visualization in the learning process. This research 
indicates that positive affirmations can be included into learning through design to supplant negative thinking 
with constructive beliefs. Reiterating affirmations equates to fostering the belief that kids are indeed capable 
of resolving this issue. Moreover, it can assist in combating subconscious doubts regarding their capabilities by 
providing a regular mechanism to persist in their tasks. Simultaneously, visualization entails forming a distinct 
mental representation of the intended objective or result.(27,28,30) By vividly envisioning the attainment of a goal, 
the subconscious mind becomes more amenable and aligns activities to realize it.(6,7) For instance, if students 
aspire to be proficient, they can vividly envision the process and outcomes while emphasizing diligent effort in 
their studies and maintaining self-consistency in their endeavors.

CONCLUSION 
In this study, the development of a student psychomotor ability assessment instrument has been properly 

carried out. Based on PLS-SEM analysis, this instrument has met the validity and reliability requirements, after 
going through the practicality test process students stated that the instrument developed was practical to be 
applied. In addition, this instrument provides an overview of students’ psychomotor skills, especially in the 
assessment of motorcycles with injection systems. Specifically, in the implementation of student work that does 
not adhere to standard operating procedures, it will be seen in the work process instrument and the results of 
their work. The work process in this instrument is able to predict when students are capable of collaborating 
cognitive abilities in the form of body movements in psychomotor performance. Accordingly, if students step 
over one of the processes, the body movements and the results of thinking could not be synchronized with the 
psychomotor ability properly, as evidenced by the work that was realized. This study has limitations only to 
assess student work with the EFI system. Of course, it requires a broader study in the form of implementation, 
especially for automotive engineering students as a whole.
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