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Abstract The structure of teacher competence of integrated STEM education in Korea was
investigated by literature and qualitative research. It was found that teacher competence is
composed of three domains of cognitive characteristics, instructional skills, and affective
characteristics as an important factor for teachers to carry out desirable integration in STEM
education. By using behavioral event interview technique, qualitative data were collected from 11
superior and average teachers. The results showed that critical items of three domains of teacher
competence are as follows: 1) teachers’ knowledge on other STEM subjects and ability to link
between other subjects; 2) student centered activity and project based curriculum; 3)
communication and cooperation between teachers and willingness and enthusiasm on integrated
STEM. Based on these results, a structural model of teacher competence forintegrated STEM
education in Korea was proposed.
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1. BACKGROUND

Education in science and technology areas was accomplished by teaching each STEM subjects of
science and technology and mathematics respectively. And traditionally science subjects were
taught separately as 4 individual disciplines of physics, chemistry, biology, and earth science. In
integrated STEM education, 4 individual science subjects are combined as a unified “integrated
science” and usually taught by a single teacher or a team of teachers in cooperation. Technology and
mathematics are taught as a discrete subject but putting together with an integrative approach.
Interdisciplinary areas of subjects and real world problems related to technology and engineering
are emphasized.
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In terms of STEM education in secondary school system of Korea, in middle school, science is
taught as integrated form (physics, chemistry, biology, and earth science are unified). But in high
school, science is taught as integrated form only for first year(10th) but divided into 4 individual
subjects in later years(11, 12th grade).

e STEM Education in secondary school system of Korea
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In Korea, several curriculum revisions have been implemented to lay stress on integration. STEAM
(Science, Technology, Engineering, Arts, and Mathematics) education, by adding Arts into STEM
education, has been adopted in education system and a number of related programs has developed
by Ministry of Education, Science and Technology (MEST) and Korea Foundation for the
Advancement of Science & Creativity (KOFAC) since 2011 (KOFAC, 2011; MEST, 2012; Oh,
2015; Sim, Lee, & Kim, 2015).

However, there have been some controversies about the professionalism of teachers as executors of



convergence education (Oh, 2015). Teachers have been lacking a grasp of STEAM education and
integrated curriculum (Han & Lee, 2012; M. S. Lee, 2013; Lim, 2012; Shin et al., 2012). Teachers
have been felt serious difficulties and troubles in executing STEM education (Shin & Han, 2011).
Some studies revealed that teaching anxiety of secondary science teachers was stronger when
teaching non-major fields of science (Kang, 2015; Sung, 2011). Hence, it has become a major issue
that in order to accomplish integrated education teacher competence has to be enhanced (Oh, 2015).

2. OBJECTIVE

For the successful implementation of the integrated STEM education, teacher competence could be
a key element to teach integrated subjects more efficiently (Cooper, 2011; Honey, Pearson, and
Schweingruber, 2014; Johnson, Peters-Burton, & Moore, 2015; Leung, 2006). The aim of this study
is to explore how teachers understand their practice in teaching STEM subjects with integrative
approaches and to investigate what are critical factors of teacher competence, which is considered
that it is composed of cognitive characteristics, instructional skills, and affective characteristics
(Choi, Lee, Jang, & Kim, 2009; Hur, 2011; Klein & Richey, 2005; Lee & Lee, 2010; Medley &
Crook, 1980), as an important factor for teachers to carry out desirable integration in STEM
education and for student to develop STEM literacy.

The research questions are:
1) What is the teachers' perception on teaching STEM subjects as an integrated discipline?

2) What do teachers perceive to be essential factors in terms of teacher competence in integrated
STEM?
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Figure 1. Conceptual framework for investigating teachers’ understanding and teaching of STEM



3. METHODOLOGY

The structure of teacher competence for integrated STEM education in Korea was investigated by
literature and qualitative research. Based on literature research, this study assumed that teacher
competence consists of three domains of cognitive characteristics, instructional skills, and affective
characteristics. By employing BEI (Behavioral Event Interview) technique (Spencer & Spencer,
1993), this study has interviewed 11 secondary school teachers of STEM subjects and analyzed
interview data using Nvivo 11 software program.

Interview participants are asked to describe specific examples of cases where they have successfully
taught integrated STEM classes overall, including preparation for class, instructional process, and
assessments. Particularly, in case of science teacher, observations about integrated science classes
which in some cases has been instructed separately by teachers who have majored one subject in
university among 4 different science disciplines of physics, chemistry, biology and earth-science are
asked. It is also asked that teacher’s perception on the integrated curriculum and teacher
competence which is required to achieve successful convergence education in terms of three
different aspects of cognitive characteristics, instructional skills, and affective characteristics.
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4. RESULTS

e Cognitive Characteristics

(Number: number of coding references)

Subject & P C B ES T | M

3
#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11
Critical factors

ability to link between other
subjects

cognition of the concept of
integrated STEM

creativity based on the
interdisciplinary knowledge

flexible thinking beyond the
boundary of subject

knowledge on other STEM
subjects

scientific understanding on the real
world and technology

to recognize problems
comprehensively and multilaterally

All of the participants have commonly agreed that ‘knowledge on other STEM subjects’ is one of
the most important competence of teacher. Most of teachers felt “a lack of expertise and self-
confidence in teaching subjects other than their own major subject which has majored for BS degree
in university education”. In the case of “science”, it is found that integrated STEM instruction in
high school undergoes more difficulties than middle school due to insufficiency of knowledge.
However, with increasing teaching experience these difficulties are noticeably reduced by
increasing comprehensive understanding on science in general (#1). Other aspects of cognitive
characteristics frequently pointed out by participants are ‘ability to link between other subjects’,
‘scientific understanding on the real world and technology’, and ‘to recognize problems
comprehensively and multilaterally’. The other significant responses on cognitive characteristics are:
‘cognition of the concept of integrated STEM’ (#2, #3, #5, #7, #8), ‘creativity based on the
interdisciplinary knowledge’ (#2, #3, #5, #7, #9, #10, #11), and ‘flexible thinking beyond the
boundary of subject’ (#2, #4, #5, #8, #9).



Most of teachers participated in the interview agreed that teacher retraining program were valuable
to obtain new knowledge on other discipline of STEM and helpful for integrated instruction.
Participants also pointed out that teacher research activities such as teacher study group, teacher
association, and professional learning communities are helpful for increasing teaching competence
and for sharing and developing teaching materials. On the other hand there are also concerns about
integrated instruction only for sake of arousing interest without teaching basic principles and
concept of science.

Cognitive Characteristics

ability to link between other subjects 24
cognition of the concept of integrated STEM 8
creativity based on the interdisciplinary knowledge 9
flexible thinking beyond the boundary of subject 9
knowledge on other STEM subjects 27
scientific understanding on the real world and technology 15

to recognize problems comprehensively and multilaterally 14

e Instructional Skills

(Number: number of coding references)

Subject & P C B ES T | M

TeaC
#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11
Critical factors

alternative assessment 113(3|3|1|1|1]|4,1]5]|1
instruction using IT 1121003200121
project based curriculum 2|41 1}2|3|5|2|3|2]|8]3
student centered activity 0O 8|4 |2 |1 |4|2]|4|3|]3]0

students' autonomy and
responsibility

teacher as a learning assistant and
guide




to encourage a career connected to
science and technology

utilization of knowledge learned in
class

The interview results showed that the instructions were turning away from traditional instruction
method, mainly consisted of group study putting emphasis on student centered activity and
interaction between students. They comprised curriculum based on real world problems and
problem-based learning. Environmental and ecological problems have been used as frequent project
themes. All participants stated project based curriculum and alternative assessment responsible for
integrated STEM education as critical factors. Teacher #1, #2, #3, #6, #8, #10, #11 have believed
that provision of students’ autonomy and responsibility is also important. Teachers have played a
significant role as a learning assistant and guide (#2, #8, #10) and provided opportunities for
utilization of knowledge learned in class (#2, #3, #10). And not only teachers themselves they have
encouraged students to utilize IT technology such as using presentation tools and making UCC (#1,
#2, #5, #6, #9, #10, #11). They have encouraged students to have a career connected to science and
technology (#2, #5, #6, #7, #8, #9, #10). Teacher #2, #6, #8 indicated that “activities performed
through integrated STEM class are recorded in student school record. They are helpful to select a
career and for entrance exam”. Teacher #1, #10 suggested that “to visit a class of other subject as an
observer would be helpful to get new idea on teaching methods”.

Instructional Skills

alternative assessment 24
instruction using IT 12
project based curriculum 35
student centered activity 31
students' autonomy and respeonsibility 21
teacher as a learning assistant and guide 6
to encourage a career connected to science and technology 11

utilization of knowledge leamned in class 7



e Affective Characteristics

(Number: number of coding references)

ubject & P C B ES T | M

Teacher no.
#1 | #2 |#3 |#4 | #5 | #6 | #7 | #8 | #9 | #10 | #11
Critical factors

belief and patience with students’
achievement

communication and cooperation
between teachers

open mind to accept without limitation
of individual subject boundary

self-examination and continuous
efforts improving STEM class

to surmount an anxiety on unfamiliar
knowledge of other subjects

willingness and enthusiasm on
integrated STEM

The most important points of teacher affective characteristics are ‘communication and cooperation
between teachers’ and ‘willingness and enthusiasm on integrated STEM’. Despite of no particular
incentive, the willingness and the enthusiasm of teacher themselves on integrated education are
found to be driving force to achieve successful integrated education. The ‘communication and
cooperation between teachers’ are essentially required to implement integrated curriculum.
However, teachers have appealed a lack of time to communicate and cooperate with other teachers
due to a burden of instruction load (#1, #2, #3, #4, #5, #6) and difficulties to “re-adjusting fixed
instruction time schedule” (#2, #4, #6, #7, #10, #11).

Additional crucial factors in affective characteristics sampled are as follows: ‘open mind to accept
without limitation of individual subject boundary’ (#1, #2, #5, #8, #9, #10), ‘self-examination and
continuous efforts improving STEM class’ (#1, #2, #3, #4, #6, #7, #8, #10), ‘to surmount an anxiety
on unfamiliar knowledge of other subjects’ (#1, #5, #6, #7, #8, #9, #10), ‘belief and patience with
students’ achievement’ (#2, #5, #10). It is also pointed out “the importance of principals’
willingness and mind to achieve convergence education” (#10, #11), and the importance of
cooperation with local institutions and research communities (#2, #6).



Affective Characteristics

belief and patience with students” achievement 3
communication and cooperation between teachers 42
open mind to accept without limitation of individual subject boundary 13
self-examination and continuous efforts improving STEM class 13
to surmount an anxiety on unfamiliar knowledge of other subjects 12
willingness and enthusiasm on integrated STEM 22

5. SUMMARY AND CONCLUSION

In this research the teacher competence of convergence and integrated science education is
categorized in three domains of cognitive characteristics, instructional skills, and affective
characteristics and the distinctive traits of each domain of teacher competence perceived by STEM
teachers are investigated. In cognitive characteristics, it is found that teachers’ knowledge on other
STEM subjects are important factor that limits teaching STEM subject in integrative method by a
teacher who has trained with an individual major subject. It is pointed out that teacher retraining
and teacher research activities such as teacher study group, teacher association, and professional
learning communities are necessary to overcome the difficulties. In domain of instructional skills,
student centered and project based instruction, and alterative assessment are found to be effective.
In domain of affective characteristics, communication and cooperation between teachers and the
enthusiasm, and the willingness of teachers on convergence education are extracted as a most
important factor.

Total number of coding references
147
106 105
Cognitive + Instructional Skills - Affective
Characteristics Characteristics

Based on BEI, a structure of teacher competence for integrated STEM is proposed as follows.
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Figure 2. Structure of teacher competence for integrated STEM

The Interview result showed that although ministry of education provided a curriculum and text
book for convergence and integrated science education in Korea, many teachers are not ready to
accomplish integrated STEM education seriously. The teachers’ perception of value and necessity of

integrated STEM education is

found important to be emphasized. Convergence and integrated

science education which is not linked to entrance examination in Korea is one of biggest reason for
not to be successful in high school education in Korea. The concept and definition of integrated

STEM education are found to
investigated further.

be different depending on teacher which is also necessary to be
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