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Objective: Vocational High School or Sekolah Menengah Kejuruan (VHS) is 
one of the levels of education in Indonesia. VHS provides various skills 
programs. VHS graduates should have more significant opportunities to work 
based on their competencies, but the most dominant unemployed were VHS 
graduates in East Java, Indonesia. VHS’s students must have work readiness 
and vocational competencies to reduce unemployment. The mechanical 
Engineering program encourages students to operate machines and produce 
goods. Machine CNC is one of the manufacturing industries. The research 
aims to analyze the influence of problem-solving, technology, teamwork, and 
self-management skills on the work readiness of VHS students in the 
Mechanical Engineering program. Method: This research used quantitative 
methods with a causality approach. The population was students of the 
Mechanical Engineering program in East Java Province in Indonesia. The 
random sampling technique was used with 377 respondents. Analysis data 
used SEM. Results: Problem-solving skills were 36.7% influenced by 
technology, teamwork, and self-management. Work readiness was 54.6% 
influenced by problem-solving skills. Novelty: The significant positive 
influence of problem-solving skills, technology skills, teamwork skills, and 
self-management skills on the work readiness of students at Machining 
Engineering Vocational High School in East Java simultaneously.  
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INTRODUCTION 
The world population is around 8.05 billion people. According to International 
Monetary Fund (IMF) data in 2023, Indonesia is 58th in the world with an 
unemployment rate of 5.300%. Vocational High School (VHS) graduates should have 
more significant opportunities to work based on their competencies, but the highest 
number of unemployed were VHS graduates in East Java, Indonesia. VHS is one of the 
levels of education in Indonesia that provides various skills programs. This is a 
challenge for us as vocational educators. Students must work readiness and vocational 
competencies to reduce unemployment (Pambayun et al., 2023; Sudarsono et al., 2022; 
Tajuddien & Faroh, 2021).  

The Mechanical Engineering Program encourages students to operate machines and 
learn how to produce goods using various machines. Setting up CNC machines, 
programming CNC, and operating CNC machines are some of the competency 
standards and qualification levels of Machining Engineering expertise. However, CNC 
machine learning in vocational schools tends to be cognitive knowledge that must fully 
accommodate analysis skills and comprehensive product manufacturing skills (Susanti 
& Kurniawan, 2020). 

Problem-solving skills are one of the ten most needed skills in the industry. The 
problem-solving ability of VHS students still needs to improve. It can be seen when the
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CNC machine includes cutting tools falling off while operating, alarms sounding in 
production, and programming errors. Problem-solving skills are needed in operating
CNC machines, how students can make products, and the suitability of workpiece 
designs with CNC programs (Abellán-Nebot, 2018; Fadzil & Ahmad, 2022; Lin & Lee, 
2020). The main goal of engineering education is students' ability to solve problems 
because it helps improve competence, involves logic, arguing and looking for the cause 
of the problem, finding alternatives, analyzing, choosing a solution, and implementing 
the solution. 

Technological devices are only meaningful if they are utilized. Competencies are 
interrelated with other competencies. Digitization, information data, and data 
visualization skills related to coding, presenting, and analyzing data are skills needed 
today (Binici, 2021; Szajna et al., 2022). Technology skills include design, using 
technological tools, and supervising related to the ability to operate CNC machines. 
Designing is one of the abilities needed by industry.  

VHS students, including adolescents, are defined as a transitional developmental 
period between childhood and adulthood, in which biological, cognitive, and social-
emotional changes; students are required to survive in facing challenges in completing 
tasks and clashing problems from the environment, school, community, and family. 
Self-management skills encourage oneself to progress, improve, and control one's 
abilities to develop one's potential optimally. Students are proven to be able to manage 
themselves by having inner motivation, excelling in CNC learning, being active in 
learning, paying attention to the teacher, completing assignments optimally, and 
presenting their assignments (Susanti & Kurniawan, 2020; Nurwijaya, 2019). 

CNC machines involve much work, consisting of designing workpieces, selecting 
workpiece materials and workpiece sizes, setting workpieces, setting cutting tools, 
designing programming, simulating programs, inputting program data on CNC 
machines, operating machines, monitoring machines, repairing the program if there is 
trouble, cleaning the machine, repairing the machine, etc. The existence of teamwork 
makes the work of CNC machines easier and overcomes technical problems in projects. 
Solid teamwork performance improves outcomes, understands each other, and can 
solve problems. This research examines problem-solving, technical, teamwork, self-
management, and work readiness skills. Novelty in this research is related to five 
variables in one research and the implementation of variables in mechanical 
engineering vocational school students in the curriculum related to CNC machines. 
 
RESEARCH METHOD 
Using quantitative research methods with ex-post facto research type. The causality 
approach used seeks to explain the causal relationship between several variables. The 
sampling technique used was purposive sampling. The population was VHS students 
of the Machining Engineering Program in East Java Province, Indonesia, with 377 
respondents. The research instruments were a performance test and a questionnaire. 
The analysis data tool used structural equation modeling (SEM). The independent 
variables (exogenous) were technology and teamwork skills, the variable moderating 
was problem-solving skills, and the dependent variable (endogenous) was work 
readiness. Problem-solving skills variables are likely in Table 1, Technology skills 
variable in Table 2, Teamwork skills variable in Table 3, Self-management skills variable 
in Table 4.  
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Table 1. Problem-solving skills variable. 
Indicators  Sub Indicators 

Define the problem ▪ Define the type of CNC machine used 
▪ Workpiece dimensions 

Find alternative solution ▪ Design workpiece drawings 
▪ Create CNC programs 

Evaluate alternative solution ▪ Checking workpiece drawings with the CNC program 
Implementation the solution ▪ Compatibility of workpiece drawings, CNC programs, 

and programming methods. 
▪ The CNC program was ready to be simulated. 

 
Table 2. Technology skills variable. 

Indicators  Sub Indicators 

Technology design and programming skills ▪ Workpiece Design 
▪ Programming the CNC 

Technology use and control skill ▪ Able to input program 
▪ Able to check programs 

Innovation skill ▪ Able to create work orders 

 
Table 3. Teamwork skills variable. 

Indicators  Sub Indicators 

Communication  ▪ Students grouped to discuss making workpieces, programming 
CNC machines, inputting programs, and simulating programs. 

Responsibility 

 

▪ Students in groups are responsible for completing assignments, 
making workpieces, programming CNC machines, inputting 
programs, and simulating programs. 

Honesty ▪ Students work in groups to make workpieces, program the CNC 
machine without imitating the work of other teams, input the 
program, and simulate the program. 

Empathy ▪ Students work in groups honestly, making work objects, 
programming CNC machines, inputting programs, and simulating 
programs. 

Collaboration ▪ Students work in groups to make workpieces, program CNC 
machines, simulate programs, and input programs. 

 

Table 4. Self-management skills variable. 

Indicators  Sub Indicators 

Self-motivation ▪ Personal desire to progress 
▪ Not easily influenced by other people 

Self-organization 
 

▪ Good self-regulation 
▪ Individual lives are more efficient 

self-control ▪ Strong determination to do something 
▪ Avoid negative behaviour 

self-development ▪ Improve yourself to good things 
▪ Be positive 
▪ Try new things 
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RESULTS AND DISCUSSION 
Results 
The result of bootstrapping’s process was score t-statistic, p-value, and original sample 
score likely in Figure 1. Figure 1 is SEM PLS analysis; the significance and direction of 
direct influence can be seen from the p-value, t-statistic, and path coefficient that 
connects endogenous to exogenous. If the p-value is < 0.050 and the t-statistic is > 1.650 
(one tail t value), then it can be concluded that the exogenous variable has a significant 
effect on the endogenous variable with the direction of influence being by the sign 
attached to the efficiency of the path likey in Table 5. 

 
Figure 1. PLS model with bootstrapping. 

 
Table 5. Work readiness variable. 

Path 
Original 

Sample (O) 

Sample 
Mean 
(M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV) 

P Values 

PS -> WR 0.327 0.322 0.059 5.531 0.000 
SM -> PS 0.172 0.175 0.058 2.995 0.003 
SM -> WR 0.140 0.141 0.057 2.459 0.014 
TW -> PS 0.225 0.228 0.048 4.730 0.000 
TW -> WR 0.228 0.230 0.046 4.959 0.000 
TS -> PS 0.387 0.381 0.047 8.161 0.000 
TS -> WR 0.278 0.276 0.044 6.332 0.000 

PS : Problem-Solving Skills    
TS : Technology Skills    
TW : Team Work Skills    
SM : Self Management Skills    
WE : Work Readiness    
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Discussion  
The Influence of Problem-Solving Skills on Vocational School Students’ Work 
Readiness Machining Engineering in East Java 
The path that shows the influence of problem-solving skills on work readiness, the p-
value was 0.000 with a t statistic of 5.531, and the path coefficient was 0.327 because the 
p-value < 0.050, t statistic > 1.960, and the path coefficient. It can be concluded that 
problem-solving skills have a significant influence on work readiness; this means that 
problem-solving skills define the problem, generate alternative solutions, evaluate and 
select an alternative, implementation and follow up on the solution, so the work 
readiness of vocational high school students also increases (Arivina & Jailani, 2020; 
Caeiro-Rodríguez et al., 2021; Divayana et al., 2021; Szabo et al., 2020; Toheri et al., 
2020). Problem-solving includes: a) Students determine the problem and discuss what 
material the unit will use with all involved. What is the size of the work unit, and what 
kind of CNC machine will be used? b) students determine in which process the problem 
is; c) avoid the finishing problem without data; d) create a CNC program according to 
the workpiece; the CNC program must match the workpiece drawing; e) simulate the 
CNC program. In this process, if there is a discrepancy between the workpiece and the 
CNC program, it will be visible. Students should find the problem and solve it until the 
simulation runs well. Work readiness sub-indicators are studying motivation, 
internship experience, and vocational guidance. Motivated students create CNC 
programs, trying to solve problems. Student motivation types and achievement based 
on the specific school subject (Paumier & Chanal, 2023). Students who have practiced in 
the CNC machining industry feel familiar with operating CNC machines and have 
work readiness if those students work in the CNC machining industry. The job market 
requires skills graduates forged by units and education systems. Perception and 
problem-solving abilities and increasing cognitive levels are related to students' future 
motivation (Kirn & Benson, 2018; Chalutz, 2022; Stoeva, 2022; Tsai et al., 2023; Sabura, 
2020; Hooijdonk et al., 2023).  

 
The Influence of Self-Management Skills on Vocational School Students’ Problem-
Solving Skills Machining Engineering  in East Java 
The path that shows the influence of self-management skills on problem-solving skills, 
the p-value was 0.003 with a t statistic of 2.995, and the path coefficient was 0.172 
because the p-value < 0.050, t statistic > 1.960, and the path coefficient, can be concluded 
that self-management skills have a significant influence on problem-solving skills, this 
means that better the self-management skills, higher the problem-solving skills of 
vocational high school students. Teachers should help students push themselves (self-
motivation) and self-development by holding discussions to resolve problems. Self-
regulation skills by discussing problem-solving, collecting feedback from parties 
involved, and then determining problem-solving steps reflect the students’ 
personalities, which is one of the most important things. Students' Self-management 
skills are self-motivation, self-development, self-organization, and self-control. Students 
active during CNC learning, students enthusiasm to solve the problem, carry out the 
task, design the workpiece, create a CNC program, discuss problems, generate the 
solution, and choose the solution step (Ali, 2023; Macías-García et al., 2020; Pernia-
Espinoza et al., 2020; Wang et al., 2023).  
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The Influence of Self-Management Skills on Vocational School Students’ Work 
Readiness Machining Engineering in East Java 
The path that shows the influence of self-management skills on work readiness, the p-
value was 0.014 with a t statistic of 2.459 and a path coefficient of 0.140; because the p-
value < 0.050, t statistic > 1.960 and the path coefficient, it can be concluded that self-
management skills have a significant influence on work readiness, this means that 
better the self-management skills, higher the work readiness of vocational high school 
students. Students' self-management skills are self-motivation, self-development, self-
organization, and self-control. Self-control helps students prepare for working under 
pressure. Working in the manufacturing industry, there is always a target to produce 
products according to consumer demand. Self-management skills in terms of self-
motivation encourage students' activities to achieve goals. Self-motivation fosters 
interest and the desire to progress, learn, and learn new things, influencing student 
readiness to work. Student's self-concept affects student achievement; time 
management is self-organization and has the potential to produce productivity and 
progress (Paumier & Chanal, 2023). Self-management means students can 
independently manage themselves, have personal visions and goals, evaluate and 
monitor their performance, and influence their careers.  

 
The Influence of Team Work Skills on Vocational School Students’ Problem Solving 
Skills Machining Engineering Skills Competency in East Java 
The path that shows the influence of teamwork skills on problem-solving skills, the p-
value, was 0.000 with a t statistic of 4.730 and a path coefficient of 0.225; because the p-
value < 0.050, t statistic > 1.960 and the path coefficient, it can be concluded that 
teamwork skills’ indicators are communication, responsibility, honesty, empathy, and 
collaboration have a significant influence on problem-solving skills, this means that 
higher teamwork skills, higher the problem-solving skills of vocational high school 
students. CNC work requires precision, solving problems by making workpieces, 
designing workpieces, creating CNC programs, and data input programming on a CNC 
lathe; all work is completed quickly if done in a team. There is communication between 
team members, and students are responsible for completing assignments. The existence 
of teamwork makes the work of CNC machines easier and overcomes technical 
problems in projects. Solid teamwork performance improves outcomes, understands 
each other, and can solve problems. Collaboration builds common goals and provides 
an understanding of problems, problem-solving, and improving learning achievement 
(Sulistyowaty et al., 2019). Collaborative teams help solve work problems. Individual 
engineering skills, including communication and teamwork, are related to solving 
problems (Stoeva & Stoev, 2022; Pollock et al., 2023; Futterer et al., 2023).  
 
The Influence of Team Work Skills on Vocational School Students’ Work Readiness 
Machining Engineering in East Java.  
The path that shows the influence of teamwork skills on work readiness, the p-value 
was 0.000 with a t statistic of 4.959 and a path coefficient of 0.228; because the p-value < 
0.050, t statistic > 1.960 and the path coefficient, it can be concluded that teamwork 
skills with indicator communication, responsibility, honesty, empathy, and 
collaboration have a significant influence on work readiness, this means that higher the 
teamwork skills, also higher the work readiness of vocational high school students.  
Teamwork skills in terms of collaboration prove that cooperation improves student 
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activity, CNC practical performance, and mastery of knowledge can be used to work. 
Collaboration or teamwork skills influence work readiness (Sulistyowaty et al., 2019; 
Navarro et al., 2023) 
 
The Influence of Technology Skills on Vocational School Students’ Problem Solving 
Skills Machining Engineering in East Java.  
The path that shows the influence of technology skills on problem-solving skills, the p-
value was 0.000 with a t statistic of 8.161 and a path coefficient of 0.387; because the p-
value < 0.050, t statistic > 1.960 and the path coefficient, it can be concluded that 
technology skills have a significant influence on problem-solving skills, this means that 
better technology skills, higher the problem-solving skills of vocational high school 
students. Understanding the problem requires creativity. Indicator technology skills are 
technology design and programming, technology use, monitoring and control, and 
innovation skills. Technology skills in CNC learning, ability to create new workpiece 
designs, and CNC programming according to the contour workpiece. Process CNC 
programming encounters many problems, including work sequence programming, 
facing, roughing, and finishing. The correct order of tool selection is adjusted to the 
tool's command. The chisel is adapted to the process with the program's G code. 
Students must be able to find solutions. Work must be completed within a specific time. 
Competence in making CNC programs and operating CNC machines benefits industry 
manufacturers. Company resources include technology and the ability to develop 
products, which increase the company's profits. 
 
The Influence of Technology Skills on Vocational School Students’ Work Readiness 
Machining Engineering Skills Competency in East Java. The path that shows the 
influence of technology skills on work readiness, the p-value was 0.000 with a t statistic 
of 6.332 and a path coefficient of 0.278; because the p-value < 0.050, t statistic > 1.960 
and the path coefficient, it can be concluded that technology skills have a significant 
influence on work readiness, this means that better technology skills, higher the work 
readiness of vocational high school students. Indicator technology skills are technology 
design and programming, technology use, monitoring and control, and innovation 
skills. Students can design products and do CNC programming, operate CNC 
machines, monitor CNC machines, and create new products. Technology skills related 
to analytical thinking are the ability to conceive the problem and create a product 
innovation. 81.170% of companies carry out product innovation, while 37.980% develop 
product innovation with other parties. This means companies in Indonesia are active in 
innovation (BPS, 2022). Students with technology skills are better prepared to work in 
industry (Borg & Scott-Young, 2020; Rogers et al., 2023). Through science and 
innovation to shape the technology and knowledge infrastructure to create future 
energy (Magistretti et al., 2020). Vocational teaches technology skills to prepare for 
work in the future (Surekha et al., 2020; Zulfahmi & Andriany, 2021; Vuchkovski et al., 
2023; Lee et al, 2023). 
 
CONCLUSION 
Fundamental Finding: Problem-solving, technology, teamwork, and self-management 
skills significantly influence work readiness. It means higher problem-solving skills, 
technology skills, teamwork skills, self-management skills, and higher work readiness 
of vocational high school students in the Mechanical Engineering program. 
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Implication:  (1) problem-solving skills have implications for students in learning and 
interacting with friends, family, and the future when working on problems; students 
can define problems, find solutions and make critical decisions in their lives, (2) 
technology skills in vocational school students, the competency of Machining 
Engineering skills in East Java implies the ability to design, use and innovate in using 
technology when working in the future, (3) teamwork skills for Vocational School 
students, the competency of Machining Engineering skills in East Java has implications 
for getting students to work in teams and training students to become individuals who 
dare to take risks, (4) self-management skills in vocational school students, the 
competency of Machining Engineering skills in East Java has implications for students' 
ability to control themselves, good attitude and develop themselves in their life when 
they work in the future. (5) Planning CNC learning is the relevance of competence 
alignment between VHS learning, vocational educational study programs, and 
industry. Limitation:  Application of the variable's problem-solving skills, technical 
skills, teamwork skills, and self-management skills in one unit in CNC Machine 
learning. Future research:  (1) adding variables that are not yet in this research, such as 
the ability to design work objects using Mastercam software, CAD/CAM integrated 
with CNC machines, school facilities and infrastructure, teachers' pedagogical abilities, 
and students' entrepreneurial abilities, (2) researching the influence of teachers' abilities 
in learning CNC machines on student competence. 
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