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Guidelines for Online PLC with a Lesson Study Approach to Promote
STEM Education

Suthida Kareemee?, Praweenya Suwannatthachote?, and Chatree Faikhamta®

This research aims to provide guidelines for the development of online learning
communities for educational institutions in order to promote STEM education. The
information presented is based on the study of STEM instruction and a professional
learning community (PLC) of 17 primary school teachers from 6 private schools in
Thailand. In each school, semi-structured interviews were conducted with teachers
responsible for science, mathematics and technology instruction. Technology refers
to computer, design and technology courses. In addition, there were 9 expert
interviews, including STEM, computer supported collaborative learning (CSCL) and
online learning communities, and lesson study concepts. The results of qualitative
analysis found that three points about the development of an online PLC in schools
to promote STEM teaching should be considered: 1. Individual means a member
who will participate in an online PLC, including support staff such as school
administrators and technical staff. 2. Information technology refers to a system or
tools that can be used as a medium for exchanging knowledge gained from learning
among members. 3. Content refers to the structuring of the content displayed in the
online learning community and the scheduling of members' activities. Therefore, all
these must be considered in the planning of online PLC development that allows
members to interact and communicate through the use of CSCL tools, which will
lead to the exchange of learning and help among members such as analyzing contents
that can be used to link subjects or considering a theme used for STEM instructional
design.

Keywords: continuous professional development, lesson study in school, online
professional learning community, STEM Education

Education reform in Thailand is very necessary, for which many agencies have given
importance and look for modes of development of Thai education, whether it is to lay down
educational policies, or education about the ways of teaching and learning to enhance the
knowledge and skills of students. STEM education is one way of learning management that will
help develop the 21% century skills of students (Kenan Foundation Asia, 2019). Although this
learning management approach is widely utilized internationally, in Thailand awareness of
STEM education is still limited and diverse (Srikoom, Hanuscin, & Faikhamta, 2017). So it is
necessary to develop the professional development about STEM instructional to create
understanding and an alternative that teachers will use to develop students. Development of
teachers in Thailand has a variety of models, all of which are intended to develop and promote
the performance of teachers to be used in classroom teaching (Jamjuree, 2017), such as
workshop, self-study, etc. (Tantranont, 2009). However, the implementation of such methods
has encountered barriers such as a lack of awareness among teachers, teachers’ lack of
confidence, practical, and professional skills problems (Dixon, Yssel, McConnell, & Hardin,
2014; Kham-o-part, 2018; Kyndt, Gijbels, Grosemans, & Donche, 2016; Patton, Parker, &
Tannehill, 2015). Therefore, one method of professional development is the implementation of
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the PLC as a guideline for continuous professional development through the participation of
teachers in the learning community. This may include changes in beliefs and behaviors
regarding collaboration to emphasize the achievement of learners (Tam, 2015). These changes
were due to the components of the PLC, such as goal setting and teamwork, the effectiveness
of the relationship between the teachers, the culture of collaboration and learning activities in
the PLC, including various behaviors that the teachers perform social interaction between each
other in the PLC that results in teachers learning from their peers. Social interaction in this PLC
will be one of the approaches to professional development that corresponds to Vygotsky’s
sociocultural approach such as study groups, mentoring (Shabani, 2016). This is an example of
a group of members that can become a group of practices with lesson study in school. The extent
to which the instructor changes while participating in the PLC can be seen in 5 aspects: 1)
curriculum; 2) instructional management; 3) learning; 4) teacher’s role; and 5) learning to teach.
In addition, teacher involvement in the PLC also increases the potential for teaching and
learning as reflected in research (Easton, 2012). The results are consistent with Feffer's work in
teacher learning within the PLC (Feffer, 2015). He found that the structure of collaborative
learning in the PLC was shared knowledge among teachers that the formation of the PLC is
sustainable. This corresponds to the research about the structural analysis of factors that
influence PLC in Korean elementary schools. The research found that strong and sustainable
PLCs are directly related to key factors of promoting learning communities such as school
performance, leadership and support for social relationships among school teachers (Oh Song
& Choi, 2017). Those factors will encourage the integration of the PLC into the educational
environment within the school. One process of building a PLC within the school is through
lesson study.

Lesson study, which focuses on actual classroom lessons, is designed to investigate and
improve the teaching of a particular topic. Lesson study is one way to establish a continuum for
professional development of teachers through the main stages of instructional planning,
observation, teaching and reflection. For example, research results from Shuilleabhain (2015),
Hird, Larson, Okubo, and Uchino (2014), and Draper (2014) have shown that the concept of
lesson study, which is a method of engaging the PLC with activities through collaborative
planning, teaching observation, reflection on pedagogy, and focus on learners, positively
influenced the professional development of teachers through the exchange of related teaching
experiences. This approach to community-based professional learning is one method to achieve
professional development, as reported in research by Turner (2015). Turner’s study, conducted
with a PLC in Arkansas middle school, found that the function of the PLC in the school was
related to the culture of collaborative work. The results of this research are consistent with
Cheng’s study (2017). She created a PLC to integrate information technology into classrooms
to assist learners and identified three factors key to successful PLCs: 1) culture of collaboration;
2) data-driven decisions; and 3) supportive leadership impact instruction.

However, the workload assigned to each instructor, whether for teaching or other work
within an institution, has become one of the factors interfering the motivation of the PLC
integration into institutions. Including, there exist limitations of time, communication methods,
and methods of sharing information learned during the process of lesson study; therefore, the
development of a PLC requires the use of information technology tools in the areas of
communication, exchange of knowledge, joint planning, and other actions among members
(Jennifer, 2016). In order to make the activities of the PLC more effective, a tool often used is
the CSCL as shown in the Seven Affordances of CSCL: “How Can Collaborative Learning
Help?” by Jeong and Hmelo-Silver (2016). This study focused on technology that can be used
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for collaborative learning based on the theories of collaborative learning and CSCL. This is
consistent with the research on critical factors towards analyzing teachers' presence in online
learning communities by Tsiotakis and Jimoyiannis (2016). The conceptual framework of this
study is based on the teacher community platform, which consists of four parts: 1)
communication area; 2) content sharing area; 3) supportive tools; and 4) community area
(Tsiotakis & Jimoyiannis, 2016). In addition, considering the context and environment of
activities that are designed for members to perform is important because these activities will
affect the intention of the members. As the result of the research that considering the theory of
planned behavior helped to understand the context of online environmental community that will
cause subjective norms and self-efficacy of members to join and interact with each other.
Moreover, it helps to choose the platform and also the CSCL tools (Park & Yang, 2012).

This research paper is part of a project for the development of an online PLC with the
concept of lesson study applied in Thai schools to promote STEM education. It is part of the
study of primary teachers' opinions on integrated teaching and learning management, STEM
instructional design, PLC and lesson study. The research question is "What are the opinions of
teachers from private schools about the online professional learning community, lesson study
approach, STEM instructional design?”. In addition, the inclusion of experts' opinions about
the online PLC model, the lesson study approach, and the design of STEM instruction will lead
to the development of an online PLC to promote STEM education. A problem with STEM is
that teachers in Thailand and many countries do not fully understand it, thus limiting teachers’
confidence in it, leading to failure to design effective learning management systems. This is
shown in the research of Aregamalage, Hong, and Fang (2017) who discuss the challenges and
issues in learning management in light of the view that STEM teachers encountered difficulties
in adapting to the integration of reforms in their classrooms. In addition, this view is consistent
with the findings of Shernoff, Sinha, Bressler, and Ginsburg (2017), who found that most
teachers are believed to be interested in integrated approaches to STEM, but do not believe they
are well enough prepared to implement them. Following from these needs and issues, teachers
must develop their professional skills through various methods. One way is to integrate them
into a PLC with a lesson study approach so that teachers can learn new skills to implement an
integrated approach, new knowledge and new curriculum materials (C. C. Lewis, Perry,
Friedkin, & Roth, 2012). It also provides a medium for the exchange of learning strategies
among teachers across disciplines and teacher collaboration for instruction in STEM focusing
on the school context (Slavit, Nelson, & Lesseig, 2016).

Literature Review

Professional learning community is a term used in many fields with many meanings,
including in the field of education. Watson (2014) states that "The concept of the professional
learning community (PLC) has been embraced widely in schools as a means for teachers to
engage in professional development leading to enhanced pupil learning”. This is in line with
the concept of Dehdary (2017), who also pointed out that the researcher has an added advantage
of closing the gap of the PLC to make the community work more effectively. Those involved
should consider issues related to the dynamic work context, management policy, and a nexus
of focus communities. As in the research results of Damjanovic and Blank (2018), who have
conducted studies to emphasize the situated and contextual nature of teachers’ professional
learning in context. They performed the following activities: observing, recording, interpreting,
and sharing, through a variety of media during the session. In Thailand, the context and cultural
factors regarding collaboration are quite specific to the aggregation of the PLC. Therefore,
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teachers need to be prepared before starting a PLC in order to establish a conducive
environment for exchange and collaboration (Sompong, Erawan, & Dharm-tad-sa-na-non,
2015). They state that good practices that help to develop a PLC in schools are a learning
organization that is designed by arranging environmental conditions in the school and
developing an organizational culture to facilitate learning as well as using school staff in
cooperative learning throughout the PLC process. The present research used this principle as a
guideline for the integration of teachers by selecting team members who can make decisions
collaboratively and lead the team in collective learning. In short, this is a model for promoting
cooperation among teachers. The integration of this community can be applied to the integration
of teachers from different subject groups in order to promote the STEM teaching and learning
as in the document of the National Commission on Teaching & America’s Future (2010).

The main components of the PLC are shared vision and values among PLC members,
melded together and examining the students’ major subjects, inquiring into the teacher's
knowledge, leadership and potential of the members (Battersby & Verdi, 2015; Owen, 2014).
The implementation of the teachers’ PLC is one of the approaches to professional development
which affects the knowledge building of members within the PLC (Popp & Goldman, 2016).
PLC action can be carried out through a variety of processes and approaches to achieve
collaborative learning such as reflection of members’ thoughts. The reflection method is
continuous learning and is part of the concept of sociocultural theory (Poovey, 2017). One
method of bringing reflection to integrate into a PLC that uses the concepts of lesson study to
help the instructor avoid obstacles encountered when teaching alone. Teachers who join the
group as members of lesson study will continue their professional development, one of which
offers an approach consistent with learning theory and empowerment through collaborative
learning and the development of a school culture that values shared responsibility and other
ideas that revolve around PLC ideas. Members in the PLC are involved in collaborative
planning, observation, reflection, and focus on learners (Caena, 2011). This finding is consistent
with Catherine C. Lewis (2015), who discussed the Lesson study cycle consisting of- 1) study;
2) planning; 3) doing; 4) reflecting. This cycle has an impact on instruction and changes a
teacher’s knowledge and leads to improvement in the instructor's ability to design instructional
materials focused on learner achievement. In addition to enhancing the efficiency of the online
learning community with the lesson study process the PLC should incorporate face-to-face
interaction through the application of information and communication technology to encourage
members to learn and collaborate through tools that facilitate learning, for example, CSCL
(Jeong & Hmelo- Silver, 2016) . Technology groups afford learners opportunities such as
1) engaging in a joint task; 2) communication; 3) resource sharing; 4) engagement in productive
collaborative learning processes; 5) engagement in co- construction; 6) monitoring and
regulating collaborative learning; and 7) building groups and communities. These tools
correspond to ideas in the study by Jarvel& et al. (2015) who present three models for supporting
socially shared regulation of learning: 1) increasing learner awareness of their own and others’
learning processes; 2) supporting externalization of one's own and others' learning process and
helping to share and interact; and 3) prompting the acquisition and activation of regulatory
processes. Based on this literature and research, the present study uses information technology
tools to encourage members to conduct activities in an online learning community. The use of
ICT tools will be implemented in conjunction with the use of the lesson study concept in
educational institutions to combine effective learning and professional development. The ICT
tools can assist in developing projects by tracking activities, planning to support collaborative
work where members of the group can work both synchronously and non-synchronously. This
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approach will lead to an online PLC which combines the lesson study process with the use of
information technology tools to support the exchange of knowledge among teachers during the
lesson study process in the academy to build understanding about STEM instructional design.
This STEM study is an integrated approach to the design of units with a specific interest in
combining science, mathematics and technology through an engineering design process that
will develop the knowledge base and 21% century skills of learners (Rinke, Gladstone- Brown,
Kinlaw, & Cappiello, 2016).The study documents the elements of the online PLC, the process
of lesson study and use of ICT tools in the exchange of learning among teachers.lt also presents
the results of the interview of the opinions of elementary school teachers and various experts.
The resulting data are used as guidelines for the development of online PLC in educational
institutions as well as the lesson study concept to promote STEM instructional design.

Method

This study used a qualitative research methodology as it helped to understand the real
context and thoughts of teachers in primary schools. The method chosen for collecting data was
semi-structured interview. This allowed the researcher to know the perception and opinion of
the sample. Therefore, this research is to study the state of teaching and learning in six private
elementary schools located in Bangkok, Chiang Mai and Ratchaburi, Thailand. All schools
were selected by the criteria of their sizes; small, medium and large school which were 1-120,
121-600 and 601+ students (Office of Basic Education Commission (OBEC), Faculty of
Economics Thammasat University, & UNICEF Thailand, 2014), respectively. Then, all sample
teachers were contacted for an interview.

All schools that have been selected were notified to request an appointment to interview
2- 3 teachers of each school. These teachers would be responsible for teaching in science,
mathematics and technology related subjects such as computer subjects, information and
communication technology subjects, design and technology subjects. In total, 17 teachers were
interviewed between late 2017 to first quarter of 2018, with gquestions related to understanding
about STEM instructional design, concept of lesson study and PLC. These samples provided
the information that is in the actual context of the school and is responsible for the design of
teaching and learning in the related subjects of STEM education. Each interview took about 30-
60 minutes and record audio interviews with the recording program together with the notes.
Before conducting the interview, the researcher asked for oral consent from the informants,
including natification of the purpose of data collection and other data related to the research to
the informants, according to the author’s training certified by National Research Council of
Thailand (NRCT) and Forum for Ethical Review Committee in Thailand (FERCIT), the on-line
research ethics training. In addition, 9 experts were interviewed at each site, with the topics of
STEM, CSCL, online PLC, and lesson study. These samples are selected by purposive sampling
based on their expertise and experience related to the topic that needs information on each side.
This is a study of the state of STEM teaching and learning, the study of the elements and the
steps of lesson study, and the implementation of an information technology system in support
of collaborative learning. The information was analyzed and used as a guideline for the design
of the training curriculum, the guideline for the development of the lesson study, and the design
and the provision of information technology systems to encourage learners to collaborate. The
instrument used in this study was a semi-structured interview, consisting of questions under the
research framework which was applied to the selected sample, then that contact and collect the
data by interviewing. When the information is collected complete, the data were analysis with
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classifying and organizing the data, such as the data coding for the sound from the transcription
of the tape. After this is done, the findings were summarized, which was divided into 2 parts.

Part 1: The research framework for studying the state of STEM education and the PLC of
primary school teachers in private educational institutions is shown in the figure 1 following
diagram.

The conceptual framework for studying the opinions of primary school teachers from
private schools as shown in Figure 1, which is used as a guideline for defining questions in a
semi-structured interview, which consists of 4 parts: 1) questions about general information of
the interviewee; 2) questions about the understanding of STEM instructional design; 3) questions
about the understanding of the lesson study approach; and 4) questions about the understanding
of OPLC. This research framework was the result of a study of relevant documents and
research.

General Information (Personal Information)
\ The state of teaching and learning.

STEM Instructional Management )

STEM education, lesson study and
Online Professional Learning
—| Community of elementary school

. . . ) teachers in private schools.
Online Professional Learning Community

Lesson study

Figure 1. The conceptual framework for the study of the state of STEM education and the
PLC of elementary school teachers in private education institutions.

In accordance with the conceptual framework, questions were determined by asking
experts to evaluate their content, such as:

1. Teachers' opinions on STEM Instructional Management
Q1: Do you know or understand about STEM teaching and learning? Explain your
understanding of this concept.
Q2 : From the course you taught, do you think that there is a form of learning
management that incorporates the STEM concept in your learning unit?
Q3: Do you know the engineering process or other problem solving process?

2. Teachers' opinions on Lesson Study
Q1: Have you ever heard of or do you know the term “Lesson study”? Explain your
understanding of the term.
Q2: What does the term “Lesson study” mean and can you describe it as a process
or a procedure?
Q3: Does your school set up a discussion group about classroom management or
student learning? Explain your understanding of it.

3. Teachers' opinions on the Online Professional Learning Community
Q1: What do you know about the term “online professional learning community”?

37



Online PLC with the concept of lesson study

Q2: Do you think that if your school provided an opportunity for group tutors to be
a PLC to provide support, shared knowledge, support thinking and working together, would it
be a way for you and other teachers to develop professionally? Explain your understanding of
this.

Q3: If your school provided an opportunity for instructors in the school to be an
online PLC, using information technology tools to support learning together, do you think you
would be willing to join the group for the purpose of developing better student achievement?
Please provide reasons for your answer.

Part 2: The study of each expert's opinion was based on Figure 1. The conceptual framework
of the research led to the examination of the consistency between the questions and the
framework by expert assessment of the content of the questions, for example,

1. Experts' opinions on STEM Instructional Management
Q1: In your view, what is the design of STEM Instruction and how is it done?
Q2: How can you evaluate learners who have studied through the STEM unit?
Q3: In your view, what model or teaching methods can be used in a STEM
instructional design and why?

2. Experts' opinions on Lesson Study

Q1: What is the composition and procedure of the study lesson?

Q2: What is the procedure of the lesson study process in your school? If the lesson
study process was selected to promote integrated teaching and learning, what do you think
should be done?

Q3: In your view, what factors contribute to the success of lesson study within the
school?

3. Experts' opinions of the Online Professional Learning Community
Q1: What are the components and characteristics of each element of the online PLC?
Q2: What factors will make the Online PLC successful?
Q3. What kind of environment should be in the online PLC and should there be any
computer supported collaborative learning tools?

Based on the sample questions above, the researcher conducted a semi-structured
interview with 17 teachers in science, mathematics and technology. In addition, semi-structured
interviews were conducted with 9 experts from STEM instructional design, CSCL and online
professional learning communities, on the lesson study concept. In this interview, the researcher
followed these steps:

1. Develop the interview schedule and sampling method,;

2. Conduct the interview and record data;

3. Analyze the interview data using the following techniques: a) Data reduction; b) Data
display; c) Verification. Each interview at least 25 minutes (Galletta, 2012).

In addition, computer program was used to improve the efficiency of data management
and analysis by coding the interviews (Mouter & Vonk Noordegraaf, 2012).

38



Suthida Kareemee, Praweenya Suwannatthachote, and Chatree Faikhamta

Results

The data from this study is divided into two parts: 1. Data from the study on the state of
STEM teaching and learning and the PLC of elementary school teachers in private educational
institutions. 2. Data from expert opinion studied to understand the state of STEM instruction,
the components of lesson study, and information technology systems in support of collaborative
learning. The details of the data analysis are as follows:

Part 1: Data from the study on the state of STEM instructional learning and the PLC of
elementary school teachers in private educational institutions.

Understanding of STEM teaching and learning

Table 1

The number of times informants mentioned (f) of understanding of STEM instructional design
in private primary schools. (n=17)

Number of
Category Type / Description times
mentioned (f)

Understanding Guidelines for Integrating Science, Technology and 3
about STEM  Mathematics
instructional Organizing activities using the engineering design 4
design process.

Focus on problematic situations. 1

Issues related to daily life. 2

Conducting learning activities that focus on learners' 5

hands-on activities and finding them with open-ended

questions.

Assessment of learners in all aspects of teaching 4

management.

As shown in table 1, the study found that some instructors had misconceptions, such as
encouraging students to create a piece of work, but not completing assignments or a way to use
it to solve a problem that examines the learner's understanding through action was not achieved.
In addition, the teaching and learning approach could not be applied in the classroom because
most teachers were of the opinion that there was already a heavy teaching workload, so if the
STEM instruction was added, teachers would not be able to follow the schedule.
Misconceptions about STEM in terms of job creation included misunderstanding that doing
work related to content, such as paper making, meant that such activities were STEM activities
or in other instances, designing learning activities that lack clearly defined situations, problems,
and challenges.

For example, one teacher's answer, “Let the students do the work, but the creation of
this piece does not set the problem situation. The students search the Internet for information”.

Moreover, from interviews with teachers on issues related to learning management, it
was clear that teachers misunderstood that they needed to teach all subjects alone, so they
believed that their burden was increased. Teachers believe that they need to take responsibility
for all 4 subjects in the hours they teach.
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In addition, some teachers did not understand the term “engineering design process”,
abbreviated as “E (of STEM)”, they did not know what steps are to be taken, and how to
proceed. For example, one teacher's answer, “I have never heard of engineering design
processes”.

Understanding of lesson study

Table 2

The number of times informants mentioned (f) of understanding of lesson study and PLC in
private primary schools. (n=17)

Category Type / Description Number of times
mentioned (f)
Understanding Plan for implementation of lesson study. 5

lesson study and
professional
learning
community

Teach and observe teaching from fellow teachers. 2
Reflect on the results of observed teaching. 3
Professional learning community 1

As seen in table 2, the study found that most teachers did not know about lesson study
while some informants understood that it was relevant to the learning of local communities. It
is clear that teachers do not understand the concept of lesson study. In terms of meaning, lesson
study process, understanding of the goals of teaching observation in the classroom that
emphasize student learning, as well as the reflection stage of what is observed from the
classroom.

For example, one teacher's answer, “The school administrators or academic advisor used
to observe my teaching by holding a form to evaluate my teaching style”. In the context of the
school, lesson study is conducted in the form of supervised teaching by specialists and meetings
of individual groups. The content of the conference is mostly related to teachers’ work, but only
a small portion deals with issues relating to student learning. For example, one teacher's answer,
“There is a class chief meeting held from each subject group to present various actions such as
organizing a science camp, etc., which conduct a meeting once a month”.

Understanding of technology to support cooperative learning in the form of an online
professional learning community
Table 3

The number of times informants mentioned (f) about information technology to support
collaborative learning in private schools. (n=17)

Number of times
mentioned (f)

Use of Information Communication area 9
Technology to support

collaborative learning in ~ Content sharing area 3
private education Community area )
0

Category Type / Description

Institutions.
Supportive and personal tools
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As seen in table 3, the study found that teachers have a responsibility to teach and work
with documents related to students and other activities such as student history registration,
general affairs in the school, resulting in the use of information technology to help
communicate. Most interview informants use a chat program installed on their mobile phone
for communication. For example, one teacher's answer, “There are chat programs such as LINE
for setting up groups of each subject to inform news”. Sometimes it is used as a way to share
content among teachers and information as well. As most of the information exchanged this
way is in in one-on-one conversations, this form of communication occurs in an informal
manner. In addition, informants have not mentioned the application of various online systems,
such as knowledge management systems, learning management systems, which these online
systems will have IT tools that support personal use to manage settings related to the exchange
of knowledge between members.

Part 2: Data from expert opinion studies including STEM instructional learning, computer
supported collaborative learning, online learning communities, and the concept of lesson study
as follows:

1. STEM instructional learning in Thailand has been known for approximately 3 years.
Many agencies have developed guidelines for understanding STEM in several ways, such as
training and disseminating documents through various channels. However, such efforts are not
covered in every region and every institution, resulting in different perceptions and
understanding of STEM in each school, for example, teaching science, technology, or
mathematics as the core of the operation, opening a STEM course, and organizing STEM
camps. Whatever form of learning takes place, with STEM there is a core intention to integrate
science, technology and math in order to encourage students to learn and connect their
knowledge to everyday life. This includes encouraging learners to study problem situations, so
they can practice problem solving.

For example, one expert's answer, “Most teachers understand the concept of integration,
but STEM is what promotes thinking and problem solving. Engineering makes STEM more
than traditional integration”. The application of knowledge, science, mathematics and
technology through the implementation of the process of problem solving is varied, for instance,
using an engineering design process involves identifying problems, gathering information,
creating ideas, and choosing the best ideas, planning action, testing and revising the solution,
and offering new solutions. However, the ability to integrate knowledge is sometimes lacking
in some areas, for example, when the teacher needs to consider continuity of content. In the
effort to link content to everyday life, students’ actions to solve problems may be insufficient,
or methods used to tackle a problem may not be diverse enough.

When instructors use the STEM instructional design, they need to define the details of
the problem situation and the challenge to the learner. Then the student conducts activities in
accordance with the engineering design process or problem solving process or learning
management using the investigative process together with the problematic topic of the activity.
For example, one expert's answer, “From the perspective of elementary education, STEM
instructional design will be a learning environment based on integrated learning management
with a theme or topic defined by the scientific process of inquiry learning”. The use of
appropriate teaching techniques and context can lead students to acquire improved mental and
problem solving skills in order to link content to everyday life. In addition, the measurement
and evaluation should be conducted in accordance with stated learning objectives. The
educational process should incorporate multimedia, or the use of appropriate materials to help
students learn and understand content.
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2. The concept of lesson study is a guideline for the development of teaching and
professional development of teachers originating in Japan. This concept involves a grouping of
teachers to develop teaching techniques that focus on developing learners systematically and
continuously within the context of the real class. Participating teachers have mutual trust, which
leads to sharing of knowledge and learning. Teachers can be active in lesson study within their
school, between schools or even across larger zones. But in any form, there are similar steps
that a group member must perform, such as setting a goal, planning for joint lesson
development, teaching and observation, and concluding teaching reflection. For example, one
expert's answer, “The process begins with a group to explain the process of the lesson study has
three steps. 1. Plan: it is planned before writing a learning management plan to consider content
and analysis of learning indicators by thinking together among fellow teachers by using time
intervals or e-mail conversations, once the feedback is received, the learning plan will be
adjusted. 2. Do: it is teaching and teaching observation, however observing classes may not be
done more often, teaching schedules may not be attended. 3. See: it is a reflection of the results
of teaching observation. There will be a scheduled time to reflect. It is performed when
members are all available”.

However, in order to make the lesson study successful, it is important to have an
understanding of the procedures of lesson study for the members to join. From the beginning
of lesson study, a trust strategy should be developed between the members of the group. This
will improve the motivation of members within the group to adjust their thinking and work
method which in turn affects instructional design and development of learner-centered lessons.

3. Information technology to support collaborative learning today has a variety of
capabilities to encourage people to come to the community; online professional learning allows
people to communicate and exchange learning experiences. Therefore, in selecting information
technology to support shared learning, the patterns of activities and the characteristics of the
members must be considered to determine if they concern basic knowledge of the use of
information technology, and the nature of the equipment that members are familiar with and
use regularly. In addition, the use of information technology to support collaborative learning
should follow clear procedures with clear objectives and tools. For example, one expert's
answer, “In the online PLC system, there should be a clear event calendar for all members to
know each other's action plans, as well as being able to perform the duties that they have
planned together”. Then, teachers must be educated in the use of the tools to build a knowledge
base and confidence in using them. After that, activities should be organized for ongoing
interaction including consideration of elements other than having members share the tools that
will be used to exchange learning. The online learning community development also needs to
consider other features: the process of creating and transferring knowledge, having a common
motive, and sharing responsibility for learners' achievement. Also, it is important to consider
the online PLC environment, so that the development of community-based online learning
model is sustainable.

Discussion and Conclusion

Based on the analysis of results of the study of STEM instructional and PLCs in
elementary private schools as well as the results of opinions from experts regarding the
conditions of STEM teaching and learning, the elements of lesson study, and information
technology tools to support collaborative learning, the researcher would like to divide the
discussion of the results as follows:
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Teachers’ View of STEM Instructional Design

In the group of teachers who were interviewed on this research, it was found that they
have misunderstandings as a result of their lack of continuous professional development about
STEM education. Despite some having had face-to-face training of a few days or even self-
study on the website, this appears to be insufficient for teachers to understand and be able to
design STEM units. To prepare for professional development in STEM education, a continuous
professional development plan that should consist of a variety approaches must be designed
(EdSurge, 2014, Islam, 2016). It must be organized to educate and focus on practical exercises
related to the STEM teaching and learning method through grouping in a teachers’ PLC, which
iIs one method to achieve continuous professional development. This collaboration allows
teachers to share perspectives or opinion about teaching and learning that result to all members
in the group get knowledge and apply for design STEM learning units. Teachers who participate
will have understanding and confidence in the use of STEM teaching method in the classroom.
In addition, the important point of understanding the model of STEM learning management, as
derived from the study of expert opinions, can be implemented in many forms, such as teaching
and learning management integrating science, mathematics, and technology into the
engineering process as a guideline for action, and learning management via the procedures of
inquiry with a specific topic or issue. Therefore, professional development facilitators should
consider these forms of STEM learning to be synthesized and provided as a means to transfer
knowledge and practice to teachers in a variety of ways to enhance awareness and understand
the importance of learning management in accordance with the STEM education approach as
one way to help develop students to have the 21% century skills (Wahono & Chang, 2019).

Teachers’ Views on Lesson Study

This concept concerns teachers’ continuous professional development based on the
Japanese practice (C.C. Lewis, 2012). Its purpose is to develop teachers' ability to manage their
teaching practice in the context of their own school. However, this lesson study concept has
already been implemented by several groups of teachers in certain schools. As shown by the
results of the interviews, the teachers' comments show they did not understand lesson study and
that they could not explain the process of a lesson study. So, there should be an understanding
of the definition, elements, and process of the lesson study process prior to the instructor joining
the group, as well as studying the context of the school and creating understanding of the
personnel in the school from the school administrator level, the teaching staff and various
support departments before starting the lesson study process. Building mutual understanding
may be carried out by formulating policies from school administrators that will facilitate the
creation of a school environment as a place to exchange knowledge among members (National
Educational Welfare Board, 2008) such as set strategies for driving lesson study approach etc.

In addition, the lesson study plan of action should be clearly defined and should be a
mutual agreement among members within the group. Then they can proceed to the lesson study
procedure, including group goal setting, lesson plan development, teaching and observation,
and teaching reflection. In addition, the lesson study grouping for the STEM instructional
design will focus on providing students with problem-solving skills that will be able to link
knowledge from various disciplines to solve real-life problems (Coenders & Verhoef, 2019).
Considering the integration of teacher members of the STEM instructional design, it is
recommended that volunteer teachers be included in the teaching of science, mathematics and
technology and help develop STEM lessons. The teacher would be the volunteers that are the
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result of internal motivation, such as the need to help others and external motivation, such as
seeing the benefits of students learning (Finkelstien, 2009). The integration of teacher members
will be one way to help the teachers see the link between the content of each level. This will
result in the student learning and able to connect the knowledge gained to use in real life. In
order for the lesson study to be sustainable, a strategy to motivate and convince the members
of the lesson study group should be provided.

Teachers’ Views of using Information Technology to Support Collaborative Learning in
the Form of an Online PLC

The development of an online PLC requires that factors be considered in terms of the
choice of CSCL in order to build relationships among members within the community and a
collaborative team culture within the context of the school. In addition, consideration should be
given to various factors, and the context of the school should be studied prior to implementing
the online PLC; issues to address include the role of members in online PLC that will show
different behaviors in each activity type such as post, reply, share (Angeletou, Rowe, & Alani,
2011), the ability to use the technology, presentation of the teaching schedule in the learning
community, and posting online learning activities on the PLC to build trust among the members
of the learning community. These examples are to be used to design and organize the online
learning community, as well as to guide the interactions of group members. The use of computer
tools to support collaborative learning in order to build relationships among members of the
community and a collaborative team culture within the context of the school should also be
considered. This includes encouraging members who are teachers in the science, mathematics
and technology groups to join the online learning community and to incorporate Garrison’s
three elements (Garrison, 2007): social presence, cognitive presence and teaching presence,
whose role in the PLC is regarded as important for communication or exchange of knowledge
between members. Practitioners must identify and build knowledge through integration and
reflection in the online PLC, by forming discussions in the community regarding learning of
the online profession that will encourage the participation and educational achievement of
members. In addition, consideration of factors that represent the success of the online PLC,
such as access to membership, the learning activities organized by the members, and
understanding how members participate in the online learning community will be clearer by
specifying what participants need to do, how many of the participants will be able to participate,
and individual’s ability to use technology.

Recommendations for Practice and Future Research

Thus, the development of an online PLC in schools to promote STEM instructional
design should take into consideration three points: 1. Individual members who participate in
the online PLC should include science teachers, math teachers, and technology teachers,
support staff or facilitators, including school administrators, and technical staff. 2. Information
technology means a system or instrument that will be used as a medium to support collaborative
learning exchange between members and 3. Content means the structuring of the content that
will appear in the online learning community and the scheduling of the members' activities. As
for the determination of various activities in Online PLC, it is necessary to consider the context
and environment under the acceptance of the control of the behavior of members in the
community because the determination of activities that are conducive to the openness of
members will be a way to reduce The effects that may arise from expressing opinions between
members of the community, including exchanging, learning and showing different attitudes
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between each other. The design of activities with good control or management will result in the
participation of members in the form of friends helping friends for the instructional design. This
will enhance the professional development persistently and sustainably.
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