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Abstract. The development in technology and scientific in the world requires students to have various skill in the 21st century, the implementation of STEM learning in schools has emerged and provide opportunities for students to develop these skill with the aim to prepare the future workforce that is ready to compete in the world, with focused on hands-on learning in real-world application. To achieve its goal, overcoming the barriers to STEM learning is the key to success in implementing STEM learning. This study aimed to discribed (1) some barriers by teacher experienced in implementing integrated STEM education and (2) support for overcoming these barriers based on the result of a theoretical study supported by relevant research. This study literature was taken through some of the open-access website such as ERIC, JSTOR, Springer, Google Scholar, and Sinta 1 with keywords “STEM”, “education”, “integrated”, “teachers”, “barriers”, and “challanges”.
Introduction
21st century is an era where science and technology growing so rapidly that in all aspects of life, the flow of globalization that is unstoppable causes the problems faced in society to continue to change and demands that people are competent and ready to face the challenges of the world of work. The problems faced in society continue to develop and require the integration of various STEM concepts (Science, Technology, Engineering, and Mathematics) to solve them [1]. In this 21st century, the importance of preparing students with a strong education in STEM has been emphasized. Many countries have been competing to adopt STEM education in an effort to meet the country's need for a STEM workforce. The essence of STEM education is to prepare the 21st century workforce with STEM education and related activities so that students can take what they learn in the classroom / laboratory and apply it to their future work in the real world [2]. The result of  President’s Council of Advisor on Science and Technology (PCAST) report that the country’s need for a worl-leading STEM workforce and a scientifically, mthematically, and technologicallly literate populace has become even greater, and it will continue to grow [3]. 
	Shernoff et al. defined STEM education is the use of science, technology, engineering, mathematics, and their associated practices, to create student-centered learning environments in which students investigate and engineer solutions to problems, and construct evidence-based explanations of real world phenomena [4]. STEM integration is one way to make learning more connected and relevant for students [5], and  used as an interdisciplinary teaching approach, which removes barriers between four disciplines [1].
	Many benefits are offered by implementing STEM education, Morrison stated that STEM integration in the classroom will teach students to be better at 1) problem solvers, 2) innovators, 3) inventors, 4) logical thinkers, and are able to understand and develop the skills needed to independence and 6) technological literacy [6]. Pearson states that the concept and practice of STEM in the classroom promises to improve student learning [7]. Czerniak et al. also emphasized that students engaged in the integrated curriculum perform as well as or even better than their counterparts in traditional teaching with separate disciplines [8]
	In order to achieve these abilities, teachers play an important role, especially in terms of STEM learning. Many research results show that teacher motivation is at the top of the factors that influence the successful implementation of integrated STEM learning [9]. The positive attitude of the teacher will affect the overall STEM teaching
	However, many research results show that STEM education does not run smoothly in some countries, there are obstacles that affect the success of this program. The teacher, as the holder of control over STEM teaching in the classroom, is very important to give him a voice about what is needed and what potential obstacles hinder the success of integrated STEM education. Therefore, this study will discuss perceived barriers in implementing integrated STEM education and what support for overcoming these barriers based on the result of a theoretical study supported by relevant research.

Methods
This study was content analysis that analyse ten articles on barriers teacher in implementing integrated STEM education published from 2010-2019. Data was collected through open-access website which includes ERIC, JSTOR, Springer, Google Schoolar, Sinta 1 with the keywords: “STEM”, “education”, “teacher”, “integrated”, “barriers”, “challanges”.  Content analysis process in this study consists of several steps to get validation of the study. The steps are the following: firstly, the analysis starts with the barriers of STEM education. Secondly, limited selection, namely STEM barriers based on teaher perception. Thirdly, the maint poin is to categorized the barriers based on intrinsic barriers and extrinsic barriers. The result of the analysis were interpreted using descriptive analysis. Fourthly, data were analysed then describe respectively from intrinsic barriers and extrinsic barriers.
	This study aims to described perceived teachers brriers to successfuul in implemening integrated STEM education through literature studies piblished from 2010-2019. The analysis of this study addresses th folloing research question:
1. What barriers do teachers fell in implementing integrated STEM ducation?
2. What was the most helpful support for evercoming these barriers?
Result and Discussion
This study analysed ten teachers barriers in implementing integrated STEM education art articles published in 2010-2019. Table 1. shows a summary of the findings about teacher barriers in implementing integrated STEM education. 
Table 1. Summary of teacher barriers in implementing integrated STEM education
	Study
	Participants
	Reasearch Method
	Findings

	[1]
	3 teacher middle school STEM 
	Qualitative case study. Data was collected by document analysis, classroom observation, and interviews 
	Lack of digital technology (computers and other digital technology devices) and a good STEM curriculum, difficulties to integrate more content knowledge in STEM integration.


	[2]
	-
	Literature Review
	Poor preparation and shortage in supply of qualified STEM teacher, lack of investment in teacher PD, poor preparation and inspiration of student, lack of school system support, lack of research collaboration in STEM fields, poor content preparation and assessment, poor condition of lab facilities and instructional media, and lack of students hands-on training.

	[4]

	22 teacher (K-12) and 4 administrator
	Qualitative approach: interview
	Lack of time for collaboration and planning; barrier of school organization; lack of instructional time; lack of understanding disciplinary content and standard; teacher resistance; lack of technology, finances, resources, administratif support, time for planing, professional development, and student motivation

	 [5] 
	 4 middle school STEM teacher in USA
	Field notes, observation, interviews, data was collected over school year and analyzed using contant comparative method 
	The support that teacher need to successful in STEM are: support and time collaboration for teacher, partner with local university or a nearby school, atttend professional development. Teachers’ content knowledge, experience, and pedagogical content knowledge have a large impact on self-efficacy.

	[10]
	-
	Literature review
	Teachers barriers are pedagogical challenges, curriculum challenges, structural challenges, concerns about students and assessments, and lack of teacher support (collaboration, curriculum, district support, prior experience professional development) 

	[11]
	-
	Literature review
	Intrinsic barriers focused on education of the educators, time management, and educators’ ability to understanding the content of STEM education, and pedagogical knowledge.

	[12]
	1 pre-school teacher in USA
	Field notes, teacher notes from a class, teacher’s weekly journal, interview 
	Insufficient practice and preparation, unsure of students' interests and abilities, time constraints, commitment.

	[13]
	169 staf pengajar atau admnistrasi 
	Qualitative
	Time constraints, structural challenges, instructional challenges, refusal to change, loss of autonomy, insufficient resources.

	[14]
	21 middle school teacher in USA
	Descriptive case study
	Collaboration and integrated technology were important , intructional challenges, teacher knowledge about STEAM integrated

	[15]
	70 primary and middle school teacher in USA and 15 in US state
	Survey analysis: open question using skala likert, 
	Time, support, and lack of training, materials/resources did not feel confident in their ability to teach engineering, lack of administrative support, differences between subjects with different amounts of teaching experience and gender, needs training and partnerships between schools and universities



	The findings, we analyzed and classified the category in two intrinsic barriers and extrinsic barriers and we supplemented them by adding the support needed to overcome these barrier as shown in Table 2.

Table 2. Intrinsic barriers, extrinsic barriers, and and teachers support
	No.
	Intrinsic Barriers

	1
	Lack of time collaboration and planning for integrated STEM intsruction

	2
	Lack of understanding content and standard diciplinary 

	3
	Teacher resistance and commitment

	4
	Instructional challenges (lack of teacher skill and pedagogical content knowledge, lack of understanding teacher about how to teach STEM integration related to students’ lack of understanding or lack of motivation to learn different ways)

	5
	Insufficient assessment methods and process

	6
	Lack of invesetment in teacher professional development

	7
	Underestimating children’s abilities (teachers believe that students are unable or unwilling to be successful with STEM education or initiatives)

	8
	Poor preparation and shortage in supply of qualified teachers (improve in-service education and more integrated STEM training)

	9
	Teacher self-efficacy

	No.
	Extrinsic Barriers

	1
	Technology (Lack of technology resources available to students, difficult to integrate the technology piece into STEM lessons)

	2
	Lack of instructional time in class

	3
	Lack of finances (In order to run a STEM project, the use of technology, the greatest need is the development of the STEM curriculum and instructional implementation)

	4
	Lack of classroom resources and teaching materials (unsupported materials and tools, inadequate class room size, poor laboratory conditions and learning media

	5
	Lack of administratif support and school system 

	6
	Students resistance (students are not ready to think independently, lack of student interest and motivation)

	7
	Inappropriate level for students so they found the difficulty

	8
	Poor preparation and inspiration of students

	9
	The structure of student schedules, and lack of flexibility in them

	10
	Lack of research collaboration accros STEM field 

	11
	Developmental differences among the children, inconsistent number of children,and maintenance of their interest in the long-tem project)

	12
	Insufficient parental involvement in class and support community (need partner with local university or a nearby school)

	13
	Curriculum challenges

	14
	Lack of administrative support district

	No.
	Supports

	1
	Integrate a combination of several subjects (develop an understanding of content and standards in subjects they do not teach)

	2
	More resources and technology support

	3
	Support for collaboration and planning with peer teachers

	4
	More professional development

	5
	A deeper background and a greater interest in the topic for students

	6
	A new standard that focuses on fewer topics in depth

	7
	Consider the resources and materials required for a STEM project

	8
	Curriculum company training and contacts


	
	Developed countries such as America and several Asian states have adopted STEM education and have integrated STEM curriculum and pedagogy into classroom learning. However, the challenges and barriers that are experienced are inseparable towards successful integrated STEM learning. The barriers experienced by teachers not only demand improvements from the teachers themselves but social, school, family and other children's concerns also influence the success of integrated STM education.
	This study desribed barriers into broad categoris which are defined as follows: Intrinsic factors appear to be stemming from the teacher’s personal effort to construct new knowledge or reconstruct the already existing one, thus transforming her professional identity and practice. Extrinsic factors are stemming from restrictions relevant to social, family, school, classroom and children’s realities [9]
3.1 Intrinsic Barriers
In this study, 8 barriers were identified which were categorized as intrinsic barriers. In general, the main barrier that teachers feel is a matter of time for collaboration and planning, teachers' understanding of implementing integrated STEM education, and pedagogical content knowledge. This study found that teachers are concerned with the workload for implementing STEM learning. Teachers must find more time to prepare additional other subjects in preparation for material to be taught in class, scheduling adjustments for collaboration is also not easy to determine and requires a lot of time, especially for those who have other activities outside of school. Teaching STEM is not like teaching ordinary subjects that only focus on one discipline, but requires a deep understanding of the four disciplines, teachers need to master science and math content and know how this content can be applied in engineering and technology design applications. Therefore, the efforts of teacher resistance, commitment and motivation are needed to make this program to be success [12]. 
	Teachers' understanding of how to teach STEM is also one of the barriers that many teachers feel, they do not understand how to implement interdisciplinary STEM. Weak understanding of the framework of STEM integration is a major factor, this certainly has an impact on STEM teaching practices in the classroom. Teachers understand STEM by including science and mathematics content but their knowledge of what it means is logically non-existent or limited [14]. Guru juga melaporkan kesulitan menggabungkan pendekatan pedagogis STEM dengan konsep konten bidang mereka [16]. Margot and Kettler said that STEM pedagogy through an interdisciplinary approach is the basis of STEM educational practice and the engineering design process is the basis of STEM pedagogy [10].  Content knowledge and pedagogical knowledge contribute to positive self-efficacy [5]. Other studies have also shown that professional development effectively affects teachers' self-confidence and self-efficacy in STEM teaching [17]. Knowledge of STEM content and STEM pedagogical skills are two important attributes that teachers must possess to help students achieve an understanding of STEM which will then have an impact on their future work [2]. Therefore, it is necessary to motivate teachers to participate in professional development which will then have a significant impact on knowledge of STEM content and mastery of STEM pedagogy.
3.2 Extrinsic Barriers 
In the extrinsic barriers category, there are 14 barriers that are felt by the teacher, these barriers come from social, school, class and student realities. Cross-curricular at this time is an interesting thing, students can feel how they solve problems similar to those they will encounter in a future career [16]. Although, the STEM curriculum has been implemented in several states, teachers still feel obstacles. Teachers are worried about following other people's curriculum plans [1], [5], [12]. Teachers are also concerned about integrating the STEM curriculum into the existing curriculum [10]. The insecurity about the level of flexibility allowed by the curriculum becomes a constraint for teachers [12], The teacher hopes that there is a flexible curriculum even though it is still based on technique [10]. Teachers' preparation and understanding are factors that influence their concerns in implementing the STEM curriculum. In the STEM curriculum, two patterns emerge when the use of technology in STEM education is 1) direct integration and technology planting into STEM activities and 2) using technology as a tool or facilitator to enrich STEM [18]. However, the results of the study show that many teachers experience obstacles to integrating technology into STEM, this is due not only to teachers' lack of knowledge about technology but also from the lack of technological resources available to students (computers and other digital technology devices). Structural challenges are also a barriers for teachers, the available schedule and the large number of material requirements cause subject matter cannot be delivered as a whole. The inflexibility of students' schedules is also a barriers to carrying out integrated STEM education [19]. 
	Not only teachers, classes and schools, the role of students in STEM classrooms has also shifted. In the traditional model class students receive lessons from teacher delivery, while in the STEM class students act as inventors, creators who are involved in discovery, are able to communicate and make relationships because they have a need to know [14]  the challenges faced by students are greater, students are encouraged to be independent, think for themselves, be more confident in learning, how to communicate with others and become skilled in teamwork [1]. However, the lack of readiness of students is an obstacle that seems to be felt by the teacher in implementing STEM learning. In addition, the lack of student interest motivation and knowledge about STEM is also a barrriers.
3.3 Support
Obtaining information on obstacles to moving forward in the STEM field is essential. Knowing the barriers allows policy makers, governments, teachers, students, communities and others to identify specific strategies that can remove barriers. Future curricula could propose the development of alternative activities to address each concept, thus enabling teachers to work with modes and methods that are closer to their teaching style. Open communication channels between curriculum developers and teachers are thus essential. Communication between these two stakeholders must be fostered, both so that teachers can feel more secure about meeting the final curriculum goals, but also for developers to get more holistic responses regarding content and development [9]. STEM professional development enhances the STEM integration concept and provides more opportunities to broaden lessons. The four most important drivers of change are expanding current practices, fostering collaboration and shared goals, improving teaching and assessment, and aligning existing resources with the solutions offered to achieve successful integrated STEM education [13]. Pendidikan STEM saat ini sedang dilaksanakan oleh beberapa negara dan menjadi salah satunya tren utama dalam pendidikan global. Baybe menyarankan untuk mempertimbangkan posisi dan tujuan yang ingin kita capai sebelum menerapkan pendidikan STEM di negara bagian, kabupaten atau sekolah paling disarankan mengembangkan praktik saat ini," "mendorong kolaborasi dan tujuan bersama," "meningkatkan pengajaran dan penilaian," dan "selaras dengan sumber daya yang ada."[13]
Concusion
The results of the literature review, we find that in implementing learning in the classroom, teachers feel that the obstacles experienced do not only come from the teachers themselves as class control (intrinsic barriers), but also extrinsic barriers that come from social, family , parents, and student realities. Extrinsic barriers appear more than intrinsic barriers, because extrinsic barriers come from various perspectives, in contrast to intrinsic barriers that focus on problems experienced by teachers. However, intrinsic barriers emerge as strong barriers to implementing STEM education.
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