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Abstract. The industrial revolution has reached 4.0 by developing automation
and cyber systems, but the use of automation in the industrial sector is still not
accompanied by appropriate operators. Vocational High School (SMK) graduates
who are ready to work to enter the industrial world still do not have the compe-
tencies expected by the industry. The required competence is the operation of the
Programmable Logic Controller (PLC) at SMK YKP Magetan. With the compe-
tence of Industrial Electronics Engineering expertise, it is necessary to know the
basics of PLC programming. This study aims to improve students’ competence
using learning media in the form of PLC trainers and determine the level of fea-
sibility of PLC trainers as learning media. The method used in this research is a
4D development model. The stages of 4D development are as follows: (1) Define
(Defining), (2) Design (Design), (3) Develop (Development), and Disseminate
(Deployment). The research design that is used one group pretest-posttest using
paired sample t-test. The test was carried out on students of class X TEI with a
total of 35 students. Training at SMKNYKPMagetan which will provide material
on PLC, introduction to Trainer KIT, programming, and assembly. Knowing the
increase in students’ understanding of PLC was given a pretest and posttest. The
results showed that the PLC trainer learning media developed was categorized as
suitable for use with an average value of 84.47% for media design, 84% for media
material, 85.29% for media evaluation, and 84.41% of media motivation. Regard-
ing the increase in competence using the paired sample t-test, a significance value
of 0.00 was obtained which was smaller than the significance level of 5% (0.05)
so it was stated that there was an effect of student competency signification after
being given learning media in the form of class X TEI PLC trainer at SMK YKP
Magetan.
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1 Introduction

Programmable Logic Controllers (PLC) are an important part of industrial production
processes [1]. Therefore, Vocational High Schools (SMK) play an important role in pro-
viding manpower for the industrial world. However, there are still many SMK graduates
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who are not ready to work. One of the contributing factors is the difference in com-
petence between industrial needs and student competencies.Overcoming differences in
competencies required by industry, learning facilities are needed to improve student
competencies, one of which is by holding PLC programming training. [2].

PLC is an industrial computer consisting mostly of hardware and software used
to control a machine or process. It is designed for multiple input/output (I/O) settings,
extended temperature range, immunity to electrical noise, and resistance to vibration and
impact. PLC is an example of a real time system because the output of the system con-
trolled by the PLC depends on the input conditions. PLC devices have been at the heart
of industrial automation and control systems since 1968. The PLC trainer is a prototype
designed that allows beginners such as learners and experienced PLC users to connect,
program and simulate real-time control processes. PLC trainer is a very useful tool for
learning PLC hardware, software and programming yourself [3]. Some of the advan-
tages of PLC over relay control logic are flexibility, higher reliability, communication
possibilities, faster response times, and easier troubleshooting [4, 5].

The purpose of this research is to improve students’ competence using PLC devices.
Wepresent basic PLCautomatic operations such as locking andPLCcomponent symbols
with descriptions. To train students and people who are interested in the field of auto-
matic control for industrial automation. The stages carried out by this research include
designing, wiring, programming PLC using basic logic, downloading and uploading
programs to the PLC via USB cable and testing on workstations [6].

With the advancement of research and technology, the programmable logic con-
troller (PLC) is one of the most popular controllers in the manufacturing industry and
will remain the leading controller type in the future. PLCs can be classified as digital
computers used in variousmanufacturing industries. This is because of several beneficial
advantages offered by PLCs such as cost-effective, flexible, reliable, and others.

PLCprograms are usuallywritten via ladder diagramsor other conventional program-
ming methods which can be copied from a workstation (ie: computer or laptop) or even
via a PLC handheld console via cable. Compact PLCs have a number of attached con-
necting terminals for input/output (I/O) connections and can be extended if the controller
has insufficient I/O (for future expansion). In addition, the PLC can be reprogrammed
to suit industrial needs [7].

The development of the automation and manufacturing industries causes a lot of
demand for Programmable Logic Controller (PLC) training for the implementation of
factory automation systems. Since the use of PLCs for industrial automation, factory
technicians, engineers, and students have a challenge to increase their understanding of
the use of PLC systems. The high cost of PLC training and the ever-changing changes
and demands of the automation industry, companies and institutions find it difficult to
provide the necessary training on PLC [8].

The work readiness of SMK graduates can be assessed from the competence of
students, but the competence of students is still far from the expectations required by
the industrial world. The reason for the distance of competence from industry needs
is because the standards provided by the industry are too far from the competencies
of students. Overcoming the differences in competencies required by industry, learning
facilities are needed to improve student competencies, one of which is by holding PLC
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trainer programming training. Trainers are equipment that is in a laboratory or workshop
that is used as a learningmedium.Learningmedia using trainers support the psychomotor
abilities of students by learning by doing. The use of trainers with PLC material can be
used to train students’ competence skills starting from programming, designing, and
assembling I/O on PLC trainers.

PLC is an industrial computer consisting mostly of hardware and software used to
control a machine or process. PLCs are designed for multiple input/output (I/O) settings,
immunity to electrical noise, and resistance to vibration and impact. PLC is an example of
an automatic system that works according to the commands given in programming time.
PLC devices have been at the heart of industrial automation and control systems since
1968. PLC trainers can help students connect, program, and simulate real-time control
processes. Some of the advantages of PLC over relay control logic are flexibility, higher
reliability, communication possibilities, faster response times, and easier troubleshoot-
ing. PLC programs are written via ladder diagrams or other conventional programming
methods which can be copied from software (ie: computer or laptop) or even via the PLC
handheld console via cable. Compact PLCs have several attached connecting terminals
for input/output (I/O) connections and can be extended if the controller does not have
enough I/O (for future expansion). In addition, the PLC can be reprogrammed to suit
industrial needs.

Based on the several uses possessed by PLCs used in industry, it is necessary to be
accompanied by operators who have the competence to do programming and assembly
to handle maintenance on PLC devices. So SMK graduates need to be accustomed to
knowing and learning by doing to have the competencies expected by the industry. The
trainer is one of the steps that can be used to improve student competence in the field of
PLC operation. So that the purpose of the study is to improve student competence after
using PLC trainers and determine the feasibility of PLC trainers as learning media to
improve the competence of students in class X TEI SMK YKP 1 Magetan.

2 Method

The research method used in this research is development research which refers to the
4D model (four-D model) which consists of 4 stages, namely Define, Design, Develop,
and Disseminate. These stages can be seen in the Fig. 1.

At the definition stage, activities focus on analyzing the situation faced by the teacher,
student characteristics, and the concepts to be taught. Because At this stage, the terms
and conditions will be determined. Requirements for making interactive learning media,
namely: by analyzing the objectives and limitations of the material being studied. The
design phase aims to design a trainer learning media kit for competency standards for
programming control system equipment. The design phase aims to design a learning
media kit for control system equipment programming competency standards.
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Fig. 1. Research Stage Model 4D.

O1 X O2 

Fig. 2. Research design One Group Pretest Posttest.

This study uses materials in interactive learning media that are used referring to the
curriculum used at SMK YKP Magetan on the competency standards for programming
electronic control system equipment related to PLC and computer-assisted I/O which
includes materials PLC basics, PLC programming technique, and study result test. The
research design used to determine the increase in student competence using the One
Group Pretest Posttest Design, with a sample of 35 students of class X TEI SMK YKP
1 Mageten [8]. The form of the research design is shown in Fig. 2.

Description:
O1 = The pretest was conducted to determine the student’s initial competence on

the basics of PLC
X = Application of PLC trainer learning media to improve student competence in

the field of PLC
O2 = Posttest was carried out to determine the results of student competence after

being given learning through learning media in the form of a PLC trainer.
The data collection technique was carried out to determine the increase in student

competence using SPSS which was carried out by the t-test with the paired sample t-test
technique. There are hypotheses given, namely:

H1 = There are differences in student competencies after being given PLC trainer
learning media to class X TEI students at SMK YKP Magetan

H0 = There is no difference in student competence after being given PLC trainer
learning media to class X TEI students at SMK YKP Magetan

In the feasibility test of learning media using data collection techniques using a
questionnaire instrument there are 4 points, namelymedia design, media material, media
evaluation, and media motivation. The criteria for the results of the assessment of the
feasibility of learning media using Table 1.



238 T. Rijanto et al.

Table 1. Media Eligibility Assessment Results Criteria

Evaluation Presentation

Very Good 82%–100%

Good 63%–81%

Pretty good 44%–62%

Not Good 25%–43%

Fig. 3. LayoutTrainer PLC.

3 Results and Discussion

The media trainer used consists of four main components, namely input components,
controllers, output components, andHMI.The input components consist of a pushbutton,
proximity switch, a tube sensor, and a reed switch. The output component consists of
a relay, a DC motor, and a solenoid valve. Terminal blocks are used to place cable
connections between input components and input terminals on PLCs and between output
components and output terminals on PLCs. The terminal is used with the aim that
students can connect input and output components to the PLC terminal using cables and
screwdrivers. Trainers given to students can be changed according to their installation
according to the commands given to the Ladsim program to control I/O on the trainers
used. When the programming has been run according to the given simulation, then
the program is uploaded to the trainer who has been strung together between I/O. The
following on Fig. 3 is a display of the learning media in the form of a PLC trainer at
SMK YKP Magetan.

Trainer programming using ladsim. Ladsim is software used to simulate the Ladder
diagram programming language on a PLC (Programmable Logic Controller). Where
this software is very suitable for basic training before entering PLC software products
that are equipped with hardware to train logic and assemble logic circuits using PLC.
The ladder simulator is equipped with a demo version, where in this demo version there
is a PLC application in the form of several plants that are suitable for today’s industrial
needs. So after we make the program then we can simulate our circuit which refers to
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Fig. 4. Layout Software Ladsim.

Fig. 5. DesignTrainer PLC.

the simulation in the demo version. If the simulation does not match the simulation in
the demo then our logic circuit is wrong.

The available inputs and outputs are 12 pieces, 16 relays, 6 down timers, 6 up/down
counters, and 4 register bits each. How to add a network/rung simply by clicking the
Add Rung symbol or deleting Del Rung. To create a parallel connection, simply press
the Add Branch symbol and navigate to the position we want, while to delete it, click the
Del Branch symbol. To insert a rung simply click Insert Rung. The view of the ladsim
software (Fig. 4).

Test this product to find out the function of the PLC trainer and the PLCModule can
work properly. In CX-Programmer software, a timer circuit is needed as a simulation of
the automatic working circuit of an automation system. in the real world, the automation
system runs using all the complete functioning components, therefore it is not easy
to reach the simulation level, therefore, the field conditions are likened to a timer [9,
10]. While the manual operation aims to signify the semi-automatic control system in
the industry to students, which is where the semi-automatic production process is also
widely applied in the industrial world. The following is the design and circuit used in
the PLC trainer (Figs. 5 and 6).

The results of data collection regarding the pretest andpost-test get learningoutcomes
with an average score of 78.80 for the pretest and 88.29 for the post-test. To find out
if there are differences in student competence, the t-test test was carried out with the
paired sample t-test technique. There are test requirements before the t-test is carried
out, namely testing the normality of the data obtained in the study. The results obtained
in the normality test are shown in Table 2.
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Fig. 6. PLC Circuit in Trainer Kit.

Table 2. Normality Test Results

Class Data Sig. Description

X TEI Pretest 0,200 Normal

Posttest 0,200 Normal

Table 3. Test Results Paired Sample t Test

Aspect Sig.

Student Competence 0,000

The results of the normality test on the pretest and posttest data showed a significance
value of 0.200 > 0.05. Because the significance value is greater than 0.05, it is stated
that the pretest and posttest data are normally distributed. The test was continued to find
out the differences in student competence using the paired sample t-test technique. The
results obtained are as in Table 3.

In the results of the paired sample t-test, a significance value of 0.00 was obtained.
The basis for decision making is the paired sample t-test if the significance value is
smaller than the significance level used, namely 5% (0.05), it is stated that there is a
significant difference that occurs. So in this study hypothesis H1 is taken, namely, there
are differences in student competencies after being given a PLC trainer.

The results of the student response questionnaire to PLC interactive learning media
on competency standards for programming electronic control system equipment related
to PLC and computer-assisted I/O in this study will be explained in Table 3. Aspects of
this assessment consist of 1) Design of learning media, 2) Material of learning media,
3) Evaluation of learning media, and 4) Motivation of learning media.

Based on the results of the student response questionnaire as shown Fig. 7, sev-
eral aspects were obtained, namely media design 84.47%, media material 84%, media
evaluation 85.29%, and media motivation 84.41%. The results indicated that students’
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Fig. 7. Student Response Results

responses to the feasibility of learningmedia in the form of PLC trainers were in the very
good category because the student response questionnaire scores were between 81% to
100%.

4 Conclusion

PLC trainers as learning media to improve student competence in terms of eligibility
get very good scores because the questionnaire instrument given in 4 aspects contained
in the trainers gets scores in the very good category. Based on the test using the paired
sample t-test, it got a significance value of 0.00 so it took the H1 hypothesis, namely
that there was a significant difference in the competence of class X TEI students at SMK
YKP Magetan after being given a PLC trainer as a learning medium. The trainer can be
used to continue students’ competencies for getting used to the equipment that will be
used while in the industrial world.

Acknowledgments. Wewould like to thank to the PNBP faculty of technique Universitas Negeri
Surabaya that supporting the funding of this community service activity.

Authors’ Contributions. All authors contributed to this manuscript. TR contribute to writing
manuscript. NN and PWR contribute to collecting data. ABS and ANDNF contribute to editing.

References

1. R Pawar, NRBhasmeApplication of PLC’s for Automation of Processes in Industries Journal
of Engineering Research and Applications Vol. 6, Issue 6, (Part-3) June 2016, pp. 53–59



242 T. Rijanto et al.

2. Noviyanto, E., & Sudira, P. (2020, May). Design of Industrial Oriented PLC Training Media
for Vocational School. In International Conference on Online and Blended Learning 2019
(ICOBL 2019) (pp. 217–221). Atlantis Press.

3. Akparibo, A. R., Appiah, A., & Fosu-Antwi, O. (2016). Development of a Programmable
Logic Controller Training Platform for the Industrial Control of Processes. American
Academic Scientific Research Journal for Engineering, Technology, and Sciences, 15(1),
186–196.

4. M. Barrett, “The Design of a Portable Programmable Logic Controller (PLC) Training Sys-
tem for Use Outside of the Automation Laboratory” in 2008 International Symposium for
Engineering Education, Dublin City University, Ireland, 2008.

5. Arowolo, M. O., Adekunle, A. A., & Opeyemi, M. O. (2020). Design and Implementation
of a PLC Trainer Workstation. Advances in Science, Technology and Engineering Systems
Journal, Federal University Oye, Nigeria.

6. L Sang Kim, P Ji O, W Chul 2012 A Hybrid Learning System Proposal for PLC Wiring
Training using AR https://ieeexplore.ieee.org/document/6130032/

7. X. L. X. Li, S. Munigala, and Q.-A. Z. Q.-A. Zeng, “Design and Implementation of aWireless
Programmable Logic Controller System,” Electr. Control Eng. (ICECE), 2010 Int. Con/.,
201O.

8. Kim,Y. S. andKim,H. ‘Design of aNewVirtual InteractionBasedPLCTrainingUsingVirtual
Sensors and Actuators: System and its Application’, International Journal of Distributed
Sensor Networks, Vol. 2013, pp. 1–8, 2013.

9. Tang, S., Shelden, D. R., Eastman, C. M., Pishdad-Bozorgi, P., & Gao, X. BIM assisted
Building Automation System information exchange using BACnet and IFC. Automation in
Construction, Vol. 110 No. 1, 2020, pp. 103049.

10. Islam, R., Rahman, M. W., Rubaiat, R., Hasan, M. M., Reza, M. M., & Rahman, M. M. LoRa
and server-based home automation using the internet of things (IoT). Journal of King Saud
University-Computer and Information Sciences, Vol. 34 No. 6, 2022, pp. 3703–3712.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://ieeexplore.ieee.org/document/6130032/
http://creativecommons.org/licenses/by-nc/4.0/

	Efforts to Improve Programmable Logic Controller Programming Competence and Its Application on Vocational High School
	1 Introduction
	2 Method
	3 Results and Discussion
	4 Conclusion
	References




