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Abstract —%e purpose of this study is to measure
perceptions and analyse the perspectives of vocational
teachers related to STEM understanding. A total of
157 respondents were actively involved in providing
perceptual assessments with a score of 1-5 (rating
scale). A total of 10 participants were involved in in-
lzpth interviews to see the vocational perspective. The
results of the study showed that the perception of
vocational teachers obtained a score of 77.5% (M =
3.87, SD = .63). The descriptive analysis explains that
the implementation of learning considers the
preparation, implementation, carrying capacity of
leaders, in order to produce s appropriately. The
aspect of collaboration skills is a key factor in the
success of STEM learning, considering
multidisciplina
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1. Introduction

The 21st century has been underway, along with
challenges in the Industrial Revolution 4.0 era that
had an influence on education, including vocational
education in Indonesia. However, future leaming
involves the role of technology as much as the
development of the industry today [1] has involved,
and various fields of work are carried out in a
mechanical manner. Even so, technology in the
industrial world has been divided into three
categories [2], namely high technology, partially
technological, and technology no role at all. High
role technology has been carried out in stages by
reducing the human labor in various fields.
Technology will not play a role in the lower middle
industry (Medium Enterprise Community Activities)
or jobs at the local level. However, the technology
involved is very expensive despite increased
productivity. Seeing the development of this
technology, vocational education graduates have to
have a similar experience. So, technology plays a
role in the implementation of learning [3], and the
achievement of practical competencies as a form of
environmental adaptation.

Until now, learning in vocational education still
stands alone [4]. Whereas, the curriculum in
vocational education has the same goal, namely, to
produce individuals with work skills and
independence. In addition, each job or work
competency involves disciplines from various fields.
This implies, in accordance with the challenges of
globalization, that students have to have multi skills
[5], [6]. Thus, engagement between subjects and
engagement between teachers is important to discuss.
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This concept is referred as multidisciplinary science
or trans-disciplinary or meta-discipline [7].
Developed countries have developed this concept for
a long time and have a real impact on the economy
and the level of independence of the country. This
learming concept is called STEM leaming, namely
science-technology-engineering-mathematics). Each
leamning objective is associated with these
disciplines, so learning is more meaningful [8].
Vocational education has the suitability of space in
the application of STEM where technology and
engineering are strong elements and are more
dominant in future work.

STEM learning is a new pattern applied in
Indonesia. The STEM concept was developed
through the Professional Development Program in
vocational teacher advice through training and
mentoring for three years. This program has been
implemented since 2019, involving 34 vocational
schools in various regions in Indonesiafs STEM
reference schools. The presence of STEM is believed
to be able to provide a change in the quality of
learning in vocational education. An important point
of STEM leaming is to equip students to have
creative, analytical, and critical skills and life skills.
To realize this goal, vocational teachers are an
element of success in STEM learning [9].

Vocational teachers have to understand the role
and application of STEM, especially in solving
problems in the surrounding environment with
various cases experienced by students in daily life.
This will be easily understood and remembered by
students. Learning by involving experiences or
events that have been experienced by students makes
it easy to store information into memory and re-call
back, if needed. One example, an incident in the
neighborhood is a case of motorcycle theft. Such
cases can be resolved by involving various
multidisciplinary sciences. It can be seen from the
Science side, which is — What material will be used?
From the mathematical side is — How is the output of
the circuit? From the engineering side is —What an

effective vehicle safety circuit is? From the
technology side — Which concept is to be applied?
Previous researchers have described STEM

objectives more on the exploration, discovery and
problem solving [7]. So, one of the cases above can
be resolved using the STEM approach by bringing
problems into the classroom to be analyzed together.
However, the teacher as a facilitator among students
as objects in solving these problems.

However, the current weakness is that all basic
competencies in the curriculum cannot be oriented
and resolved through STEM learning. Assist verbs
with cognitive levels of analysis, evaluation, and
creation are needed to implement STEM. The STEM
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implementation has several types including silos,
embedded, and integrated. Types of silos can be done
by vocational teachers on selected competencies, but
considering the elements contained in STEM. The
embedded type is a project with competencies
appearing in various subjects, so together they
determine the competency limits to achieve this goal.
The integrated type in which between different
subjects or grade levels there is the same project with
completed alternations in accordance with the level
of difficulty and ability possessed. Implementation of
STEM learning is not easy. It requires continuous
learning experience.

The purpose of this study is to measure perceptions
based on knowledge, behavior, emotion, and
motivation of vocational teachers and describe the
experience of vocational teachers in implementing
STEM learning. The benefits of conducting research
are being input for the organizers of vocational
leamning in order to improve perceptions and analyze
appropriate strategies of competencies, so that
learning is more effective, meets work standards and
by which students can face global challenges.

2. Research Methods

Quantitative and qualitative research were
adopted. Researchers use a survey approach that aims
at seeing open responses and questionnaires from
vocational teachers based on their experience in
implementing  the  STEM  program.  The
implementation of the STEM program which is
carried out in the middle of the semester results in
less conducive program planning, so in-depth
information is needed through the experience of
vocational teachers [10]. Survey research is carried
out by collecting data with a certain time limit,
through questions according to the nature of the
conditions that exist in the field. A totdffbf 5
vocational schools, including three public schools
and two private schools, in Yogyakarta with the
participation of 157 vocational teachers were
involved in filling out the questionnaire with a closed
statement. Closed statement aims to measure the
perception of vocational teachers based on events
experienced directly. Respondent data in detail are
shown in Table 1.

Table 1. Respondent Data

Respondent Criteria : F Yo
School status
Public school 105 66.88
Private school : 52 33.12
Gender
Male Teacher : 97 61.8
Female Teacher . 60 38.2
A
21-30 years : 37 23.57
31-40 years : 65 41.40
41-50 years : 12 7.64
=51 years . 43 27.39
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The developed instrument considers the validation
of experts from VEDC BOE Malangl@s an instructor
during the STEM program. The STEM leaming
program carried out is a new method for vocational
teachers and has the learning characteristics needed
in the 21st century, so some questionable items are
linked to 21st century skills. Closed questions to
measure perceptions of vocational teachers include
knowledge of wvocational teachers, behavior of
vocational teachers, emotion of vocational teachers,
and motivation of vocational teachers. Measurements
were made using a rating scale with a score of 1-5.

The instrument with an open statement was
developed through 7 items of research questions. The
questions revealed the experience of vocational
teachers duriffJthe implementation of the STEM
program. The research questions are as follows:

RQI1 What do you know about STEM
education?

RQ2 What do you know about the need for
skills in the 21st Century?

RQ3 Is STEM Education able to improve
skills in the 21st Century? What are
your considerations?

RQ4 Does the school support the learning
process using STEM education?

RQ5 How do you determine the learning
objectives using STEM education?

RQ6 Did you experience any difficulties
while implementing STEM? What
difficulties are you experiencing?

RQ7 What methods do you use to support

successful learning using STEM?

Each school is represented by two vocational
teachers in each project in different groups. Two
teachers who fill open questions are teachers who
convey their experiences after they have finished
displaying leaming outcomes. They conveyed the
experience of applying STEM leaming in theory and
practice. Researchers assume that selected vocational
teachers are considered capable and successful in
implementing STEM leaming, so interviews and
brief notes are addressed to them.

The results of the responses from vocational
teachers were analyzed using interpretation methods
to be interpreted and grouped based on the
characteristics of their understanding and experience.
Every aspect of the open-ended question is coded
according to the researchers' point of view which is
confirmed by the participants to make perceptions
(confirmatory). In addition, statistical methods are
used to interpret data from closed statements because
of the perception of vocational teachers, leading
towards the implementation of STEM leaming.

3. Result and Discussion

3.1. Perception of Vocational Teacher

The results of the implementation of the STEM
leaming professional development program for
vocational teachers in Yogyakarta are based on the
four identified variables presented in Table 2.

Table 2. Perceptions of Vocational Teachers in STEM Learning Programs

Questionable Item (QI1-QI17) N Mean Std. Deviation
1) 1 can master hpw STEM leaming can be implemented into 157 3.78 70
vocational learning
2) Ican develop learning STEM based on core competencies 157 3.69 .64
3) [Ifeel satisfied implementing learning using STEM 157 3.96 67
4) 1 feel anxious, if learning using STEM will not work 157 3.85 .76
5) I can choose a STEM-based learning approach based on the 157 3.80 68
competencies I teach ’ '
6) I can arrange the STEM-based learning stages that produce 157 4.00 54
active leaming : -
7) I can condition the atmosphere of learning and produce 157 4.06 44
meaningful learning ’ '
8) Iam willing to use STEM in the next study and for learning the 157 3.88 47
long term ’ '
9) Ican prepare STEM learning on other competencies 157 3.83 .80

Overall mean 3.87 .03

The results of the vocational teachers’ knowledge
variable on STEM learning [QIl and QI2] obtained
an average of 74.7% (M = 3.74, SD = .67). The
results of the variable behavior of vocational teachers
towards leaming STEM [QI3 and QI4] obtained an
average of 78.2% (M = 3.91, SD = .72). The results
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of the emotion variables of vocational teachers in
implementing STEM were 79.1% (M = 3.95, SD =
.56). The results, the wvariable motivation of
vocational teachers during the implementation of
STEM obtained an average of 77.1% (M = 3.86, SD
= .64). Overall, of the four variables determined, the
perception of
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vocational teachers in the implementation of STEM
learning was 77.5% (M = 3.87, SD = .63).

Overall vocational teacher perceptions are of
"good" decisions. That is, vocational teachers during
implementing STEM-based 1§ning in a knowledge
of STEM, behavior during the implementation of
STEM-based leaming, vocational teacher emotions
in STEM-based implementation, and motivation of
vocational teachers as a whole is good (77.1% -
79.1%). Although, in the implementation of learning
found many diverse perspectives. However, the
results of teachers” perceptions describe that
vocational teachers agree with STEM, leaming the
quality of leaming has increased.

The lowest acquisition of vocational teachers on
the element Eknowledge (QI2) is about the ability
of teachers to develop STEM-based leaming. The
researcher observed directly during the mentoring
process in the STEM program, that overall the
difficulties experienced by vocational teachers are
the same, namely the perspective of the curriculum in
distributing  basic competencies are to be
conceptualized into STEM-based leaming [11]. They
understand that STEM is a product and
multidisciplinary science, so the three use verbs such
as mentioned and explained, makes it difficult to
carry on the STEM concept. Of course, vocational
teachers recommend that through MGMP (teacher’s
organization) or learning, planning in vocational
schools, basic competencies can be developed more
deeply.

The highest acquisition of vocational teachers’
percerffihs on the emotional element of the teacher
(QI7) is related to the teacher's ability to condition
the classroom. However, referral schools have
adopted various previous scientific methods such as
PBL, EDP, and others. So that during the learning
process the STEM concept combined with the
method did not experience significant changes. This
is because the STEM is more strengthened than the
elements of each discipline that strengthen
competence in learning [12]. Thus, the method as a
stage of the learning process is not difficult for
teachers.

3.2.The perspective of STEM learning of 2Ist
Century skills

3.2.1. Vocational Teacher Understanding (RQ1)

Vocational teachers in Vocational Schools in
Yogyakarta understand STEM learning in two
categories, namely product and multidisciplinary
science. Their explanation regarding STEM is as
follows:

“My understanding of STEM is more about the
product. Yes, EDP (Engineering Design Product), so
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indeed how the teacher, raises student understanding,
student understanding, because now the basis of
competence is the same character, we cannot equate
abilities with each other, but how students can

understand a problem.”[G1]

“The beginning of STEM stands for STEM is Science,
Engineering, Technology, and Mathematics. We know
that STEM is a combination of several subjects or
multidisciplinary sciences” [G2]

The teacher's understanding as basic thinking is
appropriate, where STEM leaming aims to produce a
product by involving other disciplines in certain
competencies [ 13]. The intended product has a broad
meaning that is something produced by students in
real terms, such as procedures, instructions, design,
project, problem solving, and so on. However, to
strengthen the concept to students, STEM leaming
will be meaningful when solving problems that exist
in the surrounding environment [14], and it is better
often experienced by students.

During the implementation of STEM learning, the
teacher only conditions and ensures that students feel
comfortable in learning (facilitator function) [15].
Vocational teachers may not be deeply involved in
the projects that have been provided. Some
recommendations for vocational education, products
that are packaged in leaming, are more meaningful
when applying the EDP method for the reason that,
in the process the stages involve eclements of
engineering and technology predominantly.

3.2.2. STEM and 21st Century Skills (RQ2 and RQ3)

Vocational teachers interpret 21st century skills
into four elements, namely student-centered leaming,
collaboration, problem solving in daily life, and
responsibility. The direct expression of the
vocational teacher is as follows:

“We understand that in the 21st century skills, at least
the learning changes that the teacher initially
explained explain must shift that students participate in
learning. In addition, a team was formed to be able to
complete the tasks given in groups. ... In the industry,
they must be able to work in teams.” [G7]

“21st century skills where students are given problems
of life in the surrounding environment. So that their
memories procedurally and concepts can be applied to
similar problems. No less important, the main thing is
the attitude of responsibility.” [G4]

Vocational teachers explain the involvement of

STEM learning support for the achievement of 21st
century skills, as follows:

“STEM has very good potential, if done in full. During
this time, the learning process of teachers is individual.
Through ~ STEM  between  teachers, hetween
competencies, between class levels, even between
disciplines can complete a learning with each scientific

TEM Journal —Volume 9 / Number 4 / 2020.
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approach. If the teacher realizes that one colfiltency
is not strong enough fto stand alone, then Science-
Technology-Engineering, and Mathematics is the right
solution for future learning. This is where the actual
skills, teachers and students engage in STEM-based
learning as a form of practice long-term manifestation

skills.” [G8]

Halim revealed that STEM education is an
effective way of applying skills in the 21st century
[16]. Developed countries have implemented the
STEM education concept earlier and have made
changes in their economic progress and career paths.
With STEM learning skills in problem solving,
critical and analytical thinking can be developed
[17]. In line with global challenges, that future skill
is the mastery of competencies through
multidisciplinary science [18], none other than
implementing STEM based learning.

3.2.3. Carrying Capacity (RQ4)

Learning success is inseparable from the support of
the leadership authority and the availability of
infrastructure. If these elements are not met, then
vocational learning will be deadlocked. The STEM
education program is carried out in the middle of the
current semester. The vocational teacher's statement
of school support is as follows:

“During the guidance it was very supportive, only
from the beginning I have said, because this program
is in the midst of learning from the government, the
schools have not budgeted there, so the support is
constrained for funding.” [G 6]

School leaders support government programs, but
since the program is implemented in the middle of
the semester, the school is not ready for the budget.
This happens in public vocational schools, because
budget absorption is done at the beginning of
learning [19]. In contrast to private vocational
schools, although the absorption of the budget at the
beginning of a semester, budget changes can be made
in the middle of the program. So, the difficulty in
implementing STEM learning is material support in
the form of budget. They (the teachers) have
difficulty when planning projects with large budget
needs [20]. Finally, the project did not solve
important and urgent problems. However, the next
STEM leaming has to be better planned.

3.2.4. Implementation Difficulties (RQ5, RQ6 and
RQ7)

STEM leaming that is new to vocational school
levels unknowingly found several difficulties in the
implementation. Many approaches to STEM
implementation include silos, embedded, and
integrated [21]. From the various approaches, the

TEM Journal — Volume 9 / Number 4 / 2020.

difficulties faced are almost the same, namely the
planning and implementation stages, while the
evaluation stage is not problematic.

“The difficulty we experienced (the teachers) was to
sort out which competencies were potential for STEM
learning. Not all verbs (KKO) support for STEM. Our
hape for the next implementation of the teachers
through MGMP or learning preparatory meeting, the
school has a program or project planning for STEM. "
[GS]

“Conditioning the number of students more than 30
people is very difficult. Especially when it gets a direct
evaluation from Widyaiswara (VEDC BOE Malang).
Promoting the elements of Science — Technology —
Engineering -Mathematics is not easy. We, when
playing a role, namely STEM learning in theory, in
class, about machining, namely lathe, received input
that science and mathematics were not yet detailed and
in-depth. Other vocational teachers must also
experience the same difficulties in playing the role of
other disciplines. But STEM must still be
implemented.” [G10]

“The method used by the teacher is very varied, but the
grouping consists of PBL, PjBL, and EDP. So far, the
presentation on exposures considered complete is
EDP.” [GY]

The implementation of vocational learning using
the STEM concept considers: (1) basic competencies
that have the potential for learning STEM, not all
competencies can be designed to conduct STEM
leaming. In the selection of competencies, the
vocational teacher has to see the four elements
involved in learning planning. At least three
important elements, namely content with a
technology, engineering, and one of science match
points of this view. For vocational teachers who are
beginners it is not easy to analyze basic
competencies. A joint program is needed in the
MGMP or preparation for the semester. The goal is
vocational teacher involvement and budget for
completing the project; (2) STEM learning strategies
(silo, embedded or integrated) between disciplinary
teachers or between subjects in a project with the
same competency content; (3) the selection of
methods that fit the characteristics of basic
competencies (EDP, PjBL, PBL, and others).
However, it is important to consider the support of
schools in terms of implementation authority and
budget support.

4. Conclusion

This study describes STEM learning as meaningful
learning. STEM learning in vocational education can
produce quality students, according to 2lst century
skills. The STEM learning program implemented
obtained the following results: (1) overall vocational
teacher perceptions of 77.5% (M = 3.87, SD =.63) in
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good decisions; and (2) the teacher's perspective
based on his understanding that STEM is interpreted
as project-based learning involving other disciplines.
There are four elements of STEM involvement within
21st century skills, and they are student centered,
collaboration, problem solving and responsibility, the
need for carrying capacity of STEM is support from
vocational school leaders in the form of morale and
material. Difficulties during implementation include
the distribution of curriculum into STEM learning,
implementation strategies, and appropriate methods.
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