
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Assessment of In-service Science Teachers’ Teaching Competencies in
Integrated STEM Program
To cite this article: Tepporn Lomarak et al 2019 J. Phys.: Conf. Ser. 1340 012009

 

View the article online for updates and enhancements.

This content was downloaded from IP address 202.29.14.117 on 27/12/2019 at 07:25

https://doi.org/10.1088/1742-6596/1340/1/012009
http://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvQKqYIDO9Pbz1pa5cSk44_plJ8JXIb1msjuAXPaQ6HesktvyPf_6otiP_5z5qnD_S9OEbNrIo7LqCaZ8nj3mN3h3XvHT50aNlkvpemhH3a38UwxnGzwImDe2NGqRKy-k5tw6TWkNXGkbqShl1_0swG25RdypVKOgnM2lBf4aI7bg0Q0d4ykrjrFocW9FchqDqJqV5LCOKFbO9k9szVvBruEiBeePCEEoSkAkjsWCHw1J3HeBd_&sig=Cg0ArKJSzKguN825LxIC&adurl=http://iopscience.org/books


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

International Annual Meeting on STEM Education (I AM STEM) 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1340 (2019) 012009

IOP Publishing

doi:10.1088/1742-6596/1340/1/012009

1

Assessment of In-service Science Teachers’ Teaching 

Competencies in Integrated STEM Program 

Tepporn Lomarak
1*

 , Bancha Nuansai
2
 , Worrawat Promden

3
 and Arunrassame  

Sangsila
4
  

 
1
Head of General Science Program, Faculty of Education, Buriram Rajabhat University, TH 

2
Associate director of Research and Development Institute, Buriram Rajabhat University, TH 

3,4
Lecturrer at General Science Program, Faculty of Education, Buriram Rajabhat University,  

TH  

 

*corresponding author’s e-mail address: tlomarak@gmail.com 

Abstract. The purpose of the study was to investigate the effects of a professional development 

instructional program Integrated STEM for elementary schools in a rural context of Thailand which 

carried out at the Faculty of Education, Buriram Rajabhat University during February 2018. Research 

instruments were (1) assessment observational record consisted of 5 elements of competencies with 4 

levels of rubric criteria including beginning, approaching proficient, proficient, and distinguished 

levels, (2) achievement test related STEM designed to assess specific science content knowledge. The 

research findings revealed that the integrated STEM program was recommended to use for developing 

in-service science teachers‟ teaching competencies. From evaluation of experts, the results indicated 

that competencies‟ levels of teaching of in-service science teachers was achieved as approaching 

proficient level. Moreover, the results of one sample t-test indicated that teachers' achievement score on 

science content knowledge after implementing the integrated STEM program was significantly higher 

than before at the 0.01 level. It can be suggested that in-service training programs should be developed 

and used for science teachers to raise their awareness of the necessity of STEM education and to 

enhance their competencies in teaching preparation program. 

1. Introduction 

Ministry of Education launched project to engage in-service teachers with innovative classroom. The 

Institute for the Promotion of Teaching Science and Technology (IPST) has initiated a new approach 

by emphasizing knowledge and skills which are suitable to professional life in a highly competitive 

society. STEM education is an integrated approach which stands for science, technology, engineering, 

and mathematics. These disciplines are distinction in our daily lives, helps us to solve the problem by 

creative thinking based on contents clarification. STEM education is now distributing around the 

world, and also in Thailand education. IPST engages STEM education to science and mathematics 

curriculum, initially introduced with learning activities, and propagating STEM to school practices at 

national level. To prepare students, the IPST promotes the science process skills, mathematical skills 

and other skills for the 21
st
 century among learners by way of the integrated science, technology, 

engineering, and mathematics curriculum.  IPST settled STEM education into curriculum and 

educational policy in 2013. After some seminars, workshops and experimental activities with many 

countries, the IPST executive committee decided to initiate a campaign to promote integrated STEM 

teaching and learning in Thai K-12 schools under “the Development and Promotion of STEM 

Education Project” [17]. Consequently, there could be many unforeseen challenges facing researchers 
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and teachers who are involved in implementing this campaign. It was thought that the investigation of 

the opinions and suggestions from the teachers and educators who have used STEM strategies might 

reveal some implications that could lead to effective approach in adoption of STEM instructional 

practices nationwide and promoting STEM education experiences to increase student engagement and 

achievement. 

Many different instructional practices and STEM approaches have been developed over the years, 

the lecture-based classroom is still a main delivery method that Thai teachers use to disseminate 

knowledge. However, teaching competencies such as critical thinking, interpersonal skills and 

intrapersonal skills are developed not only through obtaining knowledge but also through experience. 

In this regard, in-service science teachers need to provide an environment in which students take 

active roles in learning. Regional study on transversal competencies in education policy and practice 

conducted in Thailand revealed that teachers employed mainly lecture-based approaches, and rarely 

incorporated student-student interaction. This was the case across all of the subjects observed 

(mathematics, Thai, English, art and Thai culture) despite policy-level documents in Thailand (both 

national and school-based) emphasizing the importance of „life skills‟ and student interaction [18]. 

There are many benefits that could improve the current situation of science, mathematics and 

technology education. For example, there are studies showing that learning science through STEM 

education could result in significant learning gains in science content [16-11]. Also, some studies 

have shown that students who learn scientific concepts through authentic engineering design process 

attained significantly higher achievement, more engaging experience and higher knowledge retention 

than those who learn through scripted inquiry-based teaching methods, especially for students who are 

underrepresented groups such as Black and Hispanic [5-20]. Moreover, it has shown that exposure to 

STEM activities positively impacts elementary students' perceptions and dispositions [2]. So that, 

programs focusing on integrated STEM approaches should a growing priority in elementary schools 

with aims to provide early exposure for students, especially in rural areas of Thailand. 

Professional development has a significant role in preparing in-service science teachers with 

adequate instructional practices and promoting STEM education experiences. However, the current 

teaching practices in Thailand do not often respond to the needs of STEM learning environments, 

such as inquiry and student-centered approaches and the utilizing of integrated STEM curriculum in 

rural context of Thailand. These, in turn, require in-service science teacher to have skills for 

collaboration and ability of using STEM strategies for organizing and delivering instruction through 

integrating technology and engineering into science and mathematics. Although, IPST promotes 

concepts and some activities through national workshop, online-based training, and face to face by 

STEM experts and STEM core trainers nationwide. STEM education is less monitoring the need for 

supporting and assessing competencies‟ levels of teaching and evaluating specific content knowledge 

related STEM instruction to enhance in-service science teachers‟ competencies in rural context of 

Thailand. In addition, there is a lack of research on the effects of a professional development program 

integrated STEM for elementary schools in a rural context of Thailand. Based on the current situation, 

we have identified the main challenges in assessing need for supporting and building competencies‟ 

levels of teaching and evaluating specific content knowledge related STEM instruction to enhance in-

service science teachers‟ competencies in rural context of Thailand.  

2.Objectives 

The aims of this research were: 

(1) To assess teachers‟ competencies of teaching after participating integrated STEM workshop. 

(2) To examine the effect of the integrated STEM program by assessing teachers' achievement 

score on science content knowledge after implementing the integrated STEM workshop. 

3. Method 

3.1 Research Design 

In this study, we used qualitative research to examine competencies‟ levels of teaching STEM activity 

by using assessment observational rubric consisted of 5 elements of competencies with 4 levels of 

rubric criteria including beginning, approaching proficient, proficient, and distinguished levels. We 

developed and applied the STEM achievement test items which comprises multiple choice and short 
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answer response achievement test items designed to assess specific science content knowledge 

regarding STEM activity. The One Sample t-test was employed to examine the effect of using the 

integrated STEM program. 

3.2 Participants  

The participants in this study included 30 teachers from STEM workshops of Research and Academic 

Services organized by Faculty of Education, Buriram Rajabhat University. Participant teachers came 

from public schools located near the Thai-Cambodian borders, and included 24 primary and 6 lower 

secondary teachers aged between 26 and 52 years old. In-service elementary science teachers (N = 30) 

were enrolled in the STEM workshops during 17-18 February 2018. These teachers are having 3 to 20 

years of experience in elementary school level but they were usually not taught STEM as part of a 

normal curriculum before. All of these teachers had a bachelor degree and were assigned to teach 

more than one subject and more than one grade level.  

3.3 Design of the STEM Workshop 

The STEM workshop consisted of four activities lasting about two hours and 30 minutes each. Three 

areas were identified for the development of workshops. The areas were: (1) exploring STEM 

concepts, which was principally concepts, methodologies, tools, and applications; (2) engineering 

design process, which was a mindset that emphasizes open-ended problem solving and encourages 

learners to learn from failure; (3) good design, materials, and construction, which was principally 

preparation and testing of structures; (4) simple machines, as incorporated into the “Chain Reaction in 

Marble Run Activity (Figure 1).”  

 

The integrated STEM workshop lasting for 2 days (organized during 17-18 February 2018) was 

designed with a focus on encouraging rural in-service science teachers to solve an ill-defined problem 

utilizing the engineering design process to design, build, and test their creations of a chain reaction in 

marble run (see Figure 2). In the challenge situation, teachers would be asked to consider the 

constraints of the materials and time, identify the problem, think about what they already know, 

design, plan, construct, test and evaluate a physical prototype of their track design. Teachers were 

encouraged to construct a convincing argument for a particular solution as opposed to all other 

possible solutions and start out by drawing plan of their prototype with dimensions and details on a 

 

Figure 1. Simple machines, as incorporated into 

the “Chain Reaction in Marble Run Activity 

 

Figure 2. Utilizing the engineering design 

process to design, build, and test their creations 

of the prototype 

 

 

Figure 3. Facilitator asking the higher-order 

thinking questions during STEM workshop 
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chart paper provided. Each team consisted of 4-5 science teachers and received only 2 plastic tubes, 2 

paper boxes, 30 pieces of dominoes, 1 plastic board, 1 pair of scissors, 1 roll clear sticky tape, 1 roll 

cotton rope and at least 1 marble. Researchers gave teams 20 minutes to plan their marble run track 

and give teams 30 minutes to build their marble run. They ask to create a track that keeps a marble 

rolling as long as possible (longer than 3 minutes). The 2 days STEM workshop consisted of 

integrated STEM activities lasting about 12 hours. Teachers also needed to answer the higher-order 

thinking questions during participating STEM activities (see Figure 3). In particularly, answering the 

questions inspired teachers to acquire new knowledge, competences and 21
st
 century skills in group 

working. Some samples of questions used were: “In your opinion, if your tracks were constructed 

identical to this prototype, how to keep children safe while they are on? If yes/no, please explain 

why?” (Evaluation of cause-effect relationship based on science concepts); and “How can your 

prototype be modified in order to improve its results in the future?” (Analysis of experimental 

design). The questions were specially designed to evaluate teachers‟ analysis, critical thinking, 

evaluation and communication skills in connecting STEM activities with their daily life. Finally, in-

service science teachers took the achievement test on science content knowledge after implementing 

the integrated STEM workshop. 

3.4 Instruments  

Research instruments were: (1) Assessment observational record used to assess teaching competencies 

adapted from Charlotte Danielson' framework for teaching evaluation instrument, 2013 edition [6]; 

(2) Multiple choice and short answer response test items designed to assess specific science content 

knowledge about STEM activity. The achievement test on science content knowledge related STEM 

(ATSCK-STEM) consisted of 43 multiple choice test items and 31 short answer response test items 

with 80 total score. The ATSCK-STEM was verified by three experts to find the Index of Item 

Objective Congruence between test items and learning objectives. The IOC was found to be 0.67-

1.00. The reliability of the ATSCK measured by Cronbach alpha was 0.895.  Discrimination indices 

ranged from 0.33-0.46. Difficulty indices ranged from 0.31 to 0.80 providing a wide range of 

difficulty in the items. 

3.5 Data Collection 

Items for the assessment observational record were developed and adapted from Charlotte Danielson' 

framework for teaching evaluation instrument, 2013 Edition. All criteria were later reviewed and 

validated by a group of 12 experienced science teachers and 3 university professors to give comment 

on the readability and coherent of the criteria in the assessment observational record before being 

adopted as research instruments. These experts agreed that all items were relevant and should remain 

in the study. After participating the STEM workshop, teachers have a responsibility to plan and 

manage their own STEM activities and practices in their classrooms. Researchers and experts 

followed up teachers to assess teaching competencies focused on the role of the teacher in the 

classroom, directly linked with the craft of teaching – with professional knowledge and skills for 

action in their classroom. The assessment observational record consisted of 5 elements of 

competencies with 4 levels of rubric criteria including beginning, approaching proficient, proficient, 

and distinguished levels. 

The assessment observational record utilizing for data collection after implementing the STEM 

workshop, included 4 parts: 

Part 1: asked about the background information of the participants (e.g., age, education background, 

teaching experience). 

Part 2: asked about teachers‟ prior experiences, understanding of content knowledge regarding STEM 

activities and approaches. Researchers employed a multiple choice and short answer response test 

items designed to assess specific science content knowledge about STEM activity. 

Part 3: in-service teachers selected their preference from seven steps of engineering design process 

(see Figure 4) represented by a diagram with brief description as following to create STEM activity 

for teaching in their classroom after participating the STEM workshop.   
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Figure 4. The seven steps of engineering design process 

 

Part 4: the assessment observational record form consisted of 5 domains of competencies with 4 

levels of rubric criteria including beginning, approaching proficient, proficient, and distinguished 

levels. 

The use of coaching and mentoring approaches for deliberated school improvement involve both 

conversations and classroom observations. These approaches provide opportunities for in-school 

professional learning and support classroom walk through, by focusing on specific theme or topics. 

Then, this process is particularly to support the achievement of teaching practice and competencies of 

STEM approach. For assessing teaching competencies‟ level and performance, these processes were 

employed: (1) pre-observation meeting was to typically focus on the type of specific lesson being 

planned and aspects or criteria the teacher would like the observer to focus on; (2) classroom 

observations were intended to provide direct feedback on the specific pedagogies used by teachers in 

situ. The criteria and indicators an observer might use were outlined as followings: planning and 

preparation of STEM approach, classroom environment and management, instruction strategies, 

assessment in instruction and reflecting on teaching and feedback. 

3.6 Data Analysis 

In this research study, the effect of implementing the integrated STEM program was examined by 

using the ATSCK-STEM consisted of 43 multiple choice test items and 31 short answer response test 

items. Data was analyzed to examine the effect of the integrated STEM program by assessing 

teachers' achievement score on science content knowledge after implementing the integrated STEM 

workshop. The finding was used to justify whether in-service science teachers had a satisfactory 

achievement with respect to an established criterion at 75 % of total score (total score = 80). 

Comparison of the in-service science teachers‟ achievement after implementing the integrated STEM 

program was performed statistically by using the one sample t-test to examine whether difference in 

achievement score exists. 

Responses from the interviews, document, lesson plans and information on classroom observations 

were explored to assessing teachers‟ competencies after participating integrated STEM workshop. 

Coaching and mentoring approaches were use as the process of following up for deliberated teacher‟s 

improvement involve both conversations with teachers and classroom observations. After pre-

observation meeting with school director and science teachers, classroom observations were 

organized to provide feedback on the specific pedagogies used by teachers. Assessment observational 

record were used as instrument to evaluate teaching competencies of in-service science teachers. 

4. Results and Discussion 

4.1 Teachers’ competencies after participating STEM workshop followed by meetings during the 

academic year 

Researchers followed up in-service science teachers lasting 8 weeks began on May 1
st
, 2018 and 

continues through June 22
nd

, 2018 by using coaching and mentoring approach for involving meeting, 

group discussion with conversations and classroom observations. By focusing on assessing teaching 

competencies‟ level and performance of in-service science teachers, classroom observations were 
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intended to provide feedback on the specific pedagogies used by teachers on-the-job training. As 

shown in table 1, the results revealed that the level of teaching skills among the in-service science 

teachers is approaching proficient level in all essential elements of teaching competencies.  

Table 1. Teaching competencies‟ level of in-service science teachers (N=30) 

Elements of competencies Mean S.D. 

1. planning for STEM instruction 2.10 0.33 

2. classroom environment and learning management 2.67 0.48 

3. strategies for encouraging student to learn effectively 2.63 0.24 

4. feedback and assessment 2.45 0.34 

5. teaching reflection 2.49 0.40 

Average  2.48 0.41 

 

From experts‟ evaluation, the results indicated that competencies‟ levels of teaching and 

pedagogical content knowledge (PCK) of in-service science teachers was achieved as approaching 

proficient level (Mean = 2.48, S.D.=0.41) in five elements of competencies.  

The results revealed, as shown in table 1, the level of teaching skills among the in-service science 

teachers was not achieved proficient level. It can be noted that there are common characteristics and 

content that unite the STEM activities, especially in science and technology, which establishes the 

need for collaboration and ways for these teachers to work together within schools. In-service science 

teachers who participating in long professional development program on STEM integration and felt 

that they also needed to work together with other teachers in other STEM disciplines because they 

only familiar to teach mathematics not STEM activity [21]. Given severe time constraints for 

evaluating teaching competencies in schools due to teacher workload [14], management lesson plan in 

schools will need to consider the creation of sufficient time to allow the collaboration to undertake 

their role during informal meeting, organizing lesson plan and classroom observing. This may be 

particularly problematic in some elementary where teachers were already engaged in full-time in-

service duty. It is reasonable to assume that teachers in some schools, in this study, may be reluctant 

to take on the additional responsibilities inherent in teaching STEM activities according to follow-up 

process after implementing STEM workshop. Our observational data, classroom observation and 

assessment of teaching competencies are also not complete as the in-service science teachers may 

employ only a small part of their accumulation of PCK for teaching STEM and they may need more 

collaboration undertake the role in teaching STEM activity. In this study, the level of teaching 

competencies of in-service science teachers is approaching proficient level because PCK might 

develop along with teaching experience in science [3, 10, 19]. It is pointed out that teaching 

experience is an important factor that affect development of teaching competencies‟ level. Providing 

experience for in-service science teachers to practices with artificial class or micro-teaching will 

create an opportunity for them to use their theoretical science content knowledge and PCK in 

classroom environment. In this way, in-service science teachers will catch the chance of gaining 

experience through teaching STEM activity. Micro-teaching practices for in-service teachers also 

requires physical environment and technical equipment for preparation STEM lesson. At this point, 

schools should be provided with essential support. 

4.2 Teachers’ achievement score on science content knowledge related STEM 

Teachers‟ achievement score was assessed by the ATSCK-STEM consisting of 43 multiple choice test 

items and 31 short answer response test items with 80 total score. The score of ATSCK-STEM were 

collected and analyzed after STEM workshop. The results of comparison of the post-test score and the 

criterion score of 75% (Table 2). 
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Table 2. The comparison of the mean score of in-service science teachers' achievement score and the 

criterion score  

Score N Total score  ̅ S.D. % of Mean t 

Posttest 30 80 63.23 4.569 79.04 3.88
a
 

a 
t (0.01; df =29) =2.756 

 

The results of t-test one sample indicated that teachers' achievement score on content knowledge 

related STEM after implementing the integrated STEM program was higher than the criterion score of 

75% at the 0.01 level of significance. In this study during implementing STEM workshop, 

constructivist approaches, problem-based learning, and making connections to the real world often 

characterized effective STEM activity. In the classroom, constructivist approaches, problem-based 

learning, and making connections to the real world often characterize effective STEM education when 

implemented using inquiry-based strategies. Techniques such as active learning and forming 

cooperative learning groups are central to achieving the most important outcomes of STEM [15]. 

STEM activities and instructional strategies that were found to be effective include questioning 

techniques, guided independent research studies, and discussion groups. The results consistent with 

other research studies in high school level, in adoption of a STEM-focused curriculum, reform 

instructional strategies, project-based learning, and integrated and innovative technology are in use by 

independent STEM [4-9]. Elementary schools with successful STEM emphasis demonstrated that 

improved student learning in science, mathematics and reading shared 5 common elements including 

professional capacity of colleague and staff, learning communities, a student-centered learning 

environment, and instructional guidance [12]. In this study, in-service science teachers were provided 

opportunities to explore STEM concepts, procedures, tools, and applications and experience 

engineering design process, which was principally preparation and testing of structures, materials, and 

construction. Workshop planning emphasized open-ended problem solving and encourages in-service 

science teachers to learn simple and complex machines, as incorporated into the “Marble Run 

Activity”. The time for doing integrated STEM workshop was designed appropriately for encouraging 

these teachers to solve an ill-defined problem utilizing the engineering design process to design, build, 

and test their creations during workshop. These findings suggest that engineering design activities that 

integrate the STEM components can help students contextualize the principles of science to improve 

learning achievement [7]. So that, teachers' achievement score on content knowledge related STEM 

after implementing the integrated STEM program was higher than the criterion score of 75% at the 

0.01 level of significance.  

5. Recommendation 

5.1 Professional development program integrated STEM activities as partnership in school 

improvement  

In-service science teachers suggested that a direct dialogue between teachers and researchers on 

STEM activities during informal meeting before classroom observation would be essential for 

promoting STEM initiative program in elementary schools. In-service science teachers suggested 

that this informal meeting, collaboration after STEM workshops, on-the jobs training at school 

and classroom observation can occur through a partnership between teachers and researchers. In 

addition, in-service science teachers recommended that good partnerships can replace the 

traditional professional development programs and that help teachers and researchers can work 

together to design and develop lesson plans, curriculum materials and deliver instruction to 

promoting STEM for elementary students in context of rural areas .  

One of the important findings of this study showed that the school culture plays a key role 

concerning the implementation of STEM at elementary school . The study showed that 

implementing STEM education in non-STEM schools required a different preparation than that in 

STEM schools. The non-STEM school culture required collaboration among in-service science 

teachers and need more building a collaborative and supportive STEM community in school . In 

this study suggests that exchange of experience and constant dialogue between teachers and the 

administrators during observing teaching in the school were highly emphasized . 
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5.2 Recommendations for policy makers 

Therefore, researchers can provide recommendations at the policy level to introduce STEM 

programs for in-service science teachers in rural context. This could lead to developing a STEM 

partnership-based professional development model of what teachers need in terms of content 

knowledge related STEM and how to assess PCK to enact STEM education in different school 

culture and local context. 

 

6. Limitations of the study 

This study only focuses on in-service science teachers engaged in STEM teaching in rural areas 

of Thailand, and therefore it is difficult to generalize. Besides, because of the nature of PCK, it is 

difficult to identify its components with clear boundaries. Our observational data, document 

analysis and classroom observation are also not complete as the in-service science teachers may 

employ only a small part of his/her accumulation of PCK for teaching STEM. Another difficulty 

is that analyzing teaching competencies is time-consuming to develop, administer, and analyze. 
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